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BUSINESS SESSION 




PROCEEDINGS 


The object of this Association is the advancement of knowledge pertaining to the 
scientific and economic location, construction, operation and maintenance 
of railways. Its action is not binding upon its members. 


TUESDAY, MARCH 10, 1931 
MORNING SESSION 

The Thirty-Second Annual Convention of the American Railway Engineer- 
ing Association was called to order in the Grand Ball Room of the Palmer 
House, Chicago, by the President, Mr. G. D. Brooke, Vice-President and 
General Manager, Chesapeake & Ohio Railway. 

The President: — ^The meeting will please come to order. 

This is the Thirty-Second Annual Convention of the American Railway 
Engineering Association and the Annual Meeting of the Maintenance and Con- 
struction Section of Division IV, Engineering, American Railway Association. 

It is very gratifying to see such a large number of members in their seats, 
and I extend to you all a cordial welcome. 

The first order of business is the approval of the Minutes of the last 
meeting. They have been delivered to aU of the members in printed form, and 
unless there is some objection the reading will be dispensed with. There being 
no objection, they will not be read, but will be adopted as they stand. It is 
so ordered. 

The next is the President’s address. 

ADDRESS OF PRESIDENT G. D. BROOKE 

I count it a cherished privilege to address this Association as its President. 

As I have been able to observe, one of the outstanding characteristics and 
one of the greatest assets of the Association is the pride of membership of the 
individual member and his will to advance its objectives, its welfare and 
prestige, through personal effort. It would be surprising then if there did not 
pervade this assemblage a keen interest in the Association’s affairs and a desire 
that some outline of their current status be given. 

ASSOCIATION AFFAIRS 

Our nation, in common with the whole civilized world, has for some six- 
. teen months been struggling acutely with the forces of economic readjust- 
I ment. The problems which the railroads have faced have been made par- 
ticularly difficult by the strong competition of other unregulated and subsidized 
, forms of transportation. The methods required under such circumstances are 
entirely different from those of the several preceding years. From that of 
the moving of an increasing or well sustained traffic the problem has reverted 
to one of adjusting operations to meet the impelling requirements of much 
reduced revenues, but, nevertheless, to provide a very high character of 
transportation. Stem necessity has dictated measures which, while extremely 
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distasteful to the railway officer, were none the less clearly in the path of his 
duty. 

In this situation the American Railway Association deemed it wise to cur- 
tail its activities for the year 1931 as far as practicable, and many of its 
Divisions and Sections have decided not to hold the usual annual meetings, or 
to shorten them very materially, eliminating so far as might be the annual 
dinners and other features of the nature of entertainment. 

Your Association, as you know, forms the Maintenance and Construction 
Section of the Engineering Division of the American Railway Association. 
As such it necessarily and logically was faced with the problem of determin- 
ing the scope of the annual meeting. In considering this important question, 
involving as it did a departure from the practice of many years standing, your 
Board did not fail to give due weight to the character of your organization, in 
that it is primarily an association of individuals, nor to the essential part 
which the annual convention plays in the Association’s work. But for reasons 
similar to those which impel the maintenance officer who, alive to the situation, 
is with courage, resourcefulness and adaptability, meeting the current problems 
of his own railroad, it seemed obvious that the best interests of your Associa- 
tion would lie in conforming to the spirit of the time by reducing the dura- 
tion of the convention to two days and omitting the annual dinner, but at the 
same time endeavoring to so plan the program as to permit full discussion of 
the committee reports and thorough consideration of all of the business of the 
convention. It is with a feeling of confident aissurance that I bespeak your 
hearty cooperation toward the accomplishment of this important end. 

Doubtless in the minds of some of you there has arisen the question of 
whether a precedent is being set which will influence future conventions. So 
far as I am able to judge, there is no good reason why the normal plan of a 
three-day convention with the annual dinner should not be resumed after this 
year. The consideration of committee reports and other business are ample 
to justify three working days under normal conditions. The annual dinner, 
with the addresses by prominent speakers and the opportunities for social 
contacts, is an occasion not only of pleasure but of real profit. It adds much 
to the spirit of the convention and undoubtedly attracts a number of mem- 
bers who otherwise would not attend. Regrettable, therefore, as are the cir- 
cumstances leading to the shorter convention at this time, we should dismiss 
from our minds any misgivings as to the future and any ideas that there is 
any attempt or intention to change the well established customs of the 
Association as to the convention. 

For several years past the expenses of the Association have been running 
uncomfortably close to receipts, and it has been increasingly evident that some- 
thing must be done to meet this unhealthy condition. Means of increasing the 
Association’s revenues have been considered carefully by the Finance Committee 
and your Directors, but, in the present situation at least, found not practicable. 
It remained then to look to a reduction of expenses for relief. 

The publications have progressively grown to be voluminous and their 
cost forms a large part of the total operating expense. During the past year 
the Committee on Publications very ably assailed the problem of decreasing 
this important item of expense. By reducing the volume of matter for pub- 
lication in the Bulletins and Proceedings and by negotiating a more favorable 
contract for printing and binding, it has met the needs of the situation in an 
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admirable way. It was successful in working out and, with the usual able and 
hearty assistance of the Standing and Special Committees, in making effective 
a plan whereby the volume of these publications will be reduced some 30 per 
cent or more. This plan contemplates omitting from the reports non-essential 
material and that of a temporary nature, and it is believed that the utility and 
value of the committee reports will be increased rather than reduced, and that 
the expenses of the Association will be brought comfortably within its revenues. 
During the year just ended receipts exceeded expenditures by $1869, and the 
Association’s finances now appear to be upon a sound basis. This is another 
illustration of the splendid work and the fine spirit of coopyeration on the part 
of its Committees which has brought your Association to its recognized high 
position in the railway engineering world. 

It is a great pleasure to inform you that the American Railway Associa- 
tion at its meeting in New York on November 19, 1930, authori 2 sed appropria- 
tions which enabled the Rail Committee to join with the Rail Manufacturers’ 
Committee in an extended research to determine the causes of transverse fis- 
sures and other defects in steel rails. This research, which will be carried on 
by the University of Illinois under the supervision of the committees named, 
will extend over a period of five years and will cost $250,000. The funds will 
be provided in equal amounts by the American Railway Association and the 
Rail Manufacturers. The Chairman of the Rail Committee will doubtless 
comment more in detail upon this important development. May I point out, 
though, that this is an outstanding example of the promotion of the ends of 
your Association made possible through its function as the Maintenance and 
Construction Section of the American Railway Association. 

The membership of your Association as of March 1, 1931, was 2791, which 
is 65 less than that reported as of March 1, 1930. During the year there 
have been additions of 145 to the membership and losses of 210, including 
those from deaths, 36, resignations, 55, and dropped, 119. Some of the resig- 
nations and the unusually large number of members dropped were undoubtedly 
a result of the current business situation. The Board Committee on Member- 
ship is developing plans for a membership campaign during 1931 which it is 
expected will off-set the losses of the past year. The support and individual 
interest of the membership are counted upon as an important factor in this 
effort. 

It is with a sense of deep regret that the passing of 36 valued members 
of the Association is recorded, including lour Charter Members, six railway 
Executives, five Chief Engineers, one scientist, and three operating officers of 
railways. 

Notwithstanding the considerably reduced volume of matter appearing in 
the Bulletins, there being 702 pages in the reports submitted as against 1670 
pages in 1930, a careful perusal of them will indicate that the work of the 
Standing and Special Committees is of the usual high order and that the re- 
ports, soon to be considered and acted upon, comprise another important chap- 
ter in American railway engineering practice. 

The program of work and list of personnel of the Standing and Special 
Committees for the current year were issued on January 1st. It will be a 
distinct advantage to the committees if this information can be promulgated 
in future about the time of the filing of the committee reports, or at least by 
the end of November. 
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Two additional special committees have been authorized by the Board of 
Direction to deal with subjects of particular interest to maintenance officers 
and of economic importance to the railways. These are the Special Com- 
mittee on Maintenance of Way Work Equipment, organized early last year, and 
the Special Committee on Waterproofing, more recently authorized. 

One amendment to the Constitution has been adopted during the year. It 
deals with requirements for membership and provides that graduation from an 
engineering school of recognized standing be considered as the equivalent of 
three years of active practice, and that satisfactory completion of each year of 
work in such a school without graduation be considered as equivalent of one- 
half year of actual practice. 

Two members of the Association have been honored by appointment as 
Reporters for the International Railway Congress to be held at Cairo, Egypt, 
in 1933. Mr. Sidney Withington, Electrical Engineer, New York, New Haven 
and Hartford, will report on “Electrification of railways from an economical 
point of view; selection of sites for generating stations, choice of the kind of 
current; safety precautions, etc.,” and Mr. F. M. Thomson, District Engineer, 
Missouri-Kansas-Texas Lines, will report on “The use of mechanical appliances 
in the permanent way maintenance and in track relaying.” 

The reports of the Secretary and Treasurer will set forth in more detail 
the various affairs and activities of the Association. 


THE ENGINEER AS A RAILWAY OPERATING OFFICER 

When a speaker is given such freedom in the choice of his subject-matter 
as is granted the President of your Association by the by-laws, they imposing 
upon him simply the obligation of making an address, it is but natural that he 
should endeavor to select some subject which is of more than casual interest 
to his audience, particularly when that subject is close to his heart. Finding 
myself in so favorable a situation, and moreover, because the ideas which I 
shall endeavor to convey are for the most part not at all original ideas of 
mine, but have been gained through privileged association with railway leaders 
of such outstanding ability as to give to their views the weight of acknowledged 
authority, I make bold to undertake some brief remarks regarding the Engineer 
as a railway operating officer. And here let me venture the opinion that there 
are railway officers, who have neither enjoyed the advantages of an engineering 
education at college nor as rodman, chainman, or in other capacity, seiwed an 
apprenticeship in an engineering organization, but nevertheless have through 
observation, through experience, through self-education, through intuitive good 
judgment, absorbed such a knowledge of engineering principles and practices 
as to make them truly Engineers — although they themselves may never have 
thought of themselves in this way. 

You are all familiar with the great extent to which engineering officers 
report to and are successfully directed by operating officers who arc not 
Engineers, or who at least are not generally recognized as such. You are 
likewise cognizant of the increasing extent to which operating officers are being 
drawn from the engineering ranks and the success with which they are. meeting 
their problems as operating officers. It is not upon these that I wish to dwell, 
but rather upon the problems and opportunities of the young Engineer who 
sets himself to the task of gaining such knowledge of and familiarity with 
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operating conditions and practices as to best qualify him for the assumption 
of positions in the lower operating ranks, and thus place himself in line to take 
advantage of the larger and more varied opportunities which such a course 
holds out. 

Your Association and the National Engineering Societies place high esti- 
mates upon experience as a factor in determining engineering knowledge and 
ability, as is evidenced in their requirements for membership, and of their 
measures of the value in years of experience of graduation from and attendance 
at schools of recognized standing. This is mentioned simply to suggest some 
concrete idea of and to impress upon you the advantage to the prospective 
railway officer which experience in any branch or department of railway work 
gives in competing for advancement within such department with those not 
having such experience. Conversely, it shows the necessity of overcoming the 
deficiencies resulting from the lack of such experience in order that one might 
be successful in entering the official ranks of that department. 

Besides inherent strength of mind and of body, the chief assets of the 
man who rises through the ranks to official position, are confidence in him- 
self, a knowledge of practical psychology — ^so often comprehended in the ex- 
pression “He understands human nature” — the ability to adapt to his own 
use the successful methods of others, and the power of concentration upon his 
specific problems. 

Self-confidence is instilled by a familiarity with the details, a thorough 
ground-work in the activities, of the enterprise to be undertaken; such as is 
acquired by the youth who faced with the problem of earning a livelihood 
starts in at the bottom as a messenger boy, or call boy, and gradually works 
up through the various steps, of necessity stopping long enough in each to 
thoroughly learn it, to a supervisory position, such, let us say, as that of an 
assistant trainmaster. In such an experience he not only masters the details 
of his own immediate several jobs, but he gains a useful knowledge of operat- 
ing rules and many other phases of railroad work. He soon picks up the 
important features of the working agreements with the several brotherhoods. 
He gradually absorbs a vocabulary of terms pertaining to locomotives, cars, 
tracks and signals, and an understanding of something of their significance. 
Waybills and bills of lading fall within his purview; he becomes acquainted 
with the book of operating rules, learns of the rights of trains, of “19” orders, 
and of positive and permissive blocks. He makes friends and rides around 
with the yard engine crews, and anon he can put in a fire himself and event- 
ually handle the locomotive. Moreover, he learns to stand off the shifty 
brakeman who tries to beat the extra list or to lay off a trip to go fishing 
when men are scarce. He knows how to handle the hard-boiled yard fore- 
man who tries to evade verbal instructions transmitted through him from the 
yardmaster. He humors one man, fries his powers of persuasion upon another, 
and coldly puts it up to the third to come across or go and see the boss. He 
gets the point of view of the men, as well as that of the “Company”; learns 
their method of thought and views and their attitude towards their work, 
their rights, discipline, brotherhood relations, and many co-related subjects. 
He also acquires the knack of successfully meeting the wishes of his superior. 
A conversation between the secretaries to two Federal Managers, overheard 
one day during the World War and Federal Control, on how to handle their 
respective bosses would make excellent reading if it could be reproduced. 
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Parenthetically, one of these boys was a trainmaster a few months later. 

This is the atmosphere in which the “knowledge of human nature” is 
born; this is the experience which begets confidence in one’s self, which grows 
and ripens into fruitful achievement. 

Now how can the young railway Engineer make up for his lack of such 
experience; how can he gain the knowledge, the self-confidence, the practical 
intuition with which the grown up call boy is equipped, and which is necessary 
if he is to qualify for the lower ranks of operating supervisory positions early 
enough in life to take advantage of the opportunities which they offer. 

Obviously by simply grasping the many opportunities which surround him. 
He has already foimed habits of study which will enable him to readily master 
the rules, instructions, and other information which is available in written or 
printed form. He should read and study everything he can lay his hands upon 
pertaining to the details of railway operation and to every phase of the 
activities of his own railway. He should make friends with those who can 
supply him the information which he lacks, and should ever be ready to help 
them by giving in return information which they desire and he possesses. 
Weekly trips to the yard office, occasional visits to the chief dispatcher’s clerk, 
on which work train assignments or some other matter of mutual business 
can be made the opening subject of conversation, should enable him to estab- 
lish relations under which exchanges of information can be readily made. A 
friendly interest in the duties of an acquaintance who works a night trick, with 
perhaps lending a hand to help out during the rush hour, will lay the ground 
for ready responses to questions designed to develop desired information. 

He should cultivate habits of observation. It is difficult to say which is 
the most unfortunate, the individual who goes through life with his eyes open 
but sees little or nothing, or the one who wants information but is afraid to 
ask questions, preferring to remain ignorant rather than to be thought so. 

A healthful curiosity will do no harm and the satisfying of it through 
study and the tactful questioning of friends and associates will be distinctly 
beneficial. He should at every opportunity sit in on investigations of train 
accidents, infractions of the rules, and other matters involving discipline, an<l 
should lose no opportunity to inform himself as to the methods and practices 
in dealing with employees’ committees. All of this should be done with the 
idea of qualifying himself for a supervisory job in the Operating Department. 
But how will he break into operating work and get the opportunity to show 
what he can do. That is indeed an important problem. 

First of all he should maneuver himself into division maintenance of way 
work, so as to be in the closest possible contact with actual operations. Then 
he must make a reputation for himself in the engineering position which he 
holds. This requires that he be industrious, willing to work long hours, and 
irregular hours upon occasion ; that he be -reliable and resourceful, tactful and 
cheerful, able to get along well with associates and to handle men; that he 
have good judgment and a reasonable ambition and be willing to assume re- 
sponsibility. His aim should be to make of himself the best man in the organ- 
ization for the job which he fills and the best qualified for promotion. He 
should realize that the greatest usefulness and success as a Maintenance Engi- 
neer can be achieved by sensing and meeting the management’s point of view. 
He may occasionally find it necessary to submerge idealism, and even good 
practice to the needs of the occasion. Sooner or later he will learn from 
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experience that it is so much better to keep the situation well in hand, to plan 
ind modify his program to meet current resources than to go ahead running 
into over-expenditures and be forced into drastic fluctuations of his organiza- 
tion later on. As to expenditures in general, he can find no better criterion for 
his judgment than to honestly determine for himself what he would do if the 
property were his, if the funds to be spent were his very own, and if he alone 
would reap the results. 

Nor will there be lacking opportunities for demonstrating his knowledge of 
operating matters. Studies for improved facilities which depend for their 
justification upon savings in train operation form an excellent example. It 
will be particularly advantageous to develop the ability to write a good re- 
port. A neat, well planned report, which sets forth logically, clearly and con- 
cisely the essentials of the study, the conclusions and definite recommendations, 
is not only effective as a means of having meritorious recommendations carried 
out, but will serve to draw favorable attention to its author. Discussions with 
the division operating officers of yard plans, station and passing track layouts, 
sig:nal locations and other features of the railroad which directly affect train 
movements may be mentioned. The very nature of the railroad organization 
will offer many occasions for showing his knowledge of operating practices, 
and of demonstrating his training and fitness to take a part in them when the 
opportunity is offered. 

Having gained his second objective, he will doubtless soon have occasion 
to prove to a circle of perhaps skeptical onlookers that he is not out of place. 
A few months of going slow, of being sure of himself before undertaking 
changes in methods should suffice for this. He should be careful to avoid being 
led into immature decisions upon interpretations of train rules, current in- 
structions, working agreements and such matters. He will best gain and hold 
the respect of the men he must supervise by being frank, and if he is uncer- 
tain on any question, saying so and suggesting that the subject requires some 
consideration and he had best take it under advisement for a few days. He 
should, of course, obtain the proper answer to the question without delay and 
satisfy those raising the inquiry. 

He will find that when it comes to getting things done his official title 
means very little; tliat in the final analysis he must rely upon his own re- 
sourcefulness, his courage, and his strength of character, and that the degree 
of his success will be measured by his own ability. It will strengthen his posi- 
tion if he will assume full responsibility in requiring that instructions be carried 
out and in fulfilling the disagreeable duties in connection with discipline. It 
is an acknowledgment of weakness for an officer to say that the instruc- 
tions are those of his superior rather than his own. He must learn to say 
“no” at the proper time and to stick to it. When employees are asking favors 
which cannot be granted and when dismissed men are seeking reinstatement, 
it is subversive to discipline and unfair to the men to string them along with 
the hope that their pleas will be granted. It is much better for them and for 
all concerned for such questions to be settled definitely, so that they can devote 
themselves to other things. 

Experience will teach him that a large percentage of employees want to 
do right provided they are treated fairly and their rights respected; that it pays 
to be lenient with the man of generally good intent who makes a mistake and 
gets into trouble; but on the other hand, vicious and worthless individuals are 
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out of place in the railway organization and a disadvantage to other employees, 
as well as to the railway. 

He must look to those features of operation which have the greatest in- 
fluence upon cost — ^the train load, yard switching methods, keeping trains mov- 
ing on the road. He will find that current operating matters must be handled 
very promptly — ^hot off the bat, so to speak. He should not forget his mainte- 
nance friends, but assist them with efficient work train service and in the many 
ways which will make their allotment go further in providing good roadway 
and track. As he must live with his associates of his own and adjoining divi- 
sion, he should cultivate a spirit of cooperative friendliness and avoid an- 
tagonism if at all possible. 

Having found himself and mastered the details of his position, he will in 
due time be looking forward to getting ahead. Here he will find applicable 
the same formula which he relied upon as a maintenance man, and he should 
make it his purpose, first, to be the best officer of his class and rank; and sec- 
ond, the best material for promotion on the railway. 

Here he should study and adapt to his own use the methods of recognized 
leaders with whom he has the privilege of coming in contact. He will doubt- 
less observe that some men are born drivers, but most of them, if they will 
analyze themselves, are better leaders than drivers. Furthermore, the vast 
majority of men are not averse to being led but resent being driven. He will 
do well then to consider carefully the methods of the leader rather than of the 
driver. Such a leader weighs well the nature of his assignments, knows that 
they are practicable and workable, and in making them imparts impressions of 
such implicit confidence in their being carried out that the recipients feel 
challenged to use their utmost endeavor rather than disappoint him; he en- 
courages freedom of thought and suggestion; he knows how to delegate im- 
portant duties and authority to others, and to imparl a high sense of re- 
sponsibility to those assuming them. He works out a sound plan, makes sure 
that it is well and uniformly understood, places adequate checks upon per- 
formance and leaves the details in the hands of capable and trusted sub- 
ordinates. 

A most effective device of leadership is that which so suggests possible 
courses of action that they will be adopted and developed by those who must 
carry them out as their very own. The successful leader recognizes that he 
can gain little through pride in the origination of ideas or the authorship of 
plans. It is results he wants and since the burden of producing these results 
must fall upon the rank and file of the organization, to that organization be- 
longs the credit for the achievement. He knows the great importance of 
maintaining a high Esprit de corps, that men take pride in being a part of an 
organization of high standing, and that they glory in upholding its records and 
its reputation; he recognizes that adequate rest and recreation, comfortable 
sleeping quarters, healthful surroundings, good working conditions, competent 
supervision, strict but fair discipline and appropriate recognition of meritorious 
action and results will bring out the best in the indivdual and foster such a 
spirit of teamwork and pride in the organization that high-class performance 
will be spontaneous. Fortunate indeed is the railway officer who masters the 
principles, the practice, and the spirit of such leadership (Applause). 
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To the Members: 


March 1, 1931. 


It is customary to render an accoianting, annually, of our stewardship 
of the general affairs of your Association for the preceding year. 

The appended report, it is believed, will show a year of essential 
progress and of increasing readiness on the part of the Association to meet 
the demands of the industry we serve, as well as to pursue the ideals his- 
torically fixed for our work. 

The following is a condensed record of the American Railway Engineer- 
ing Association’s activities during the past year, under the guidance and 
direction of President G. D. Brooke, grouped under appropriate headings: 

(I) Committee-Work. — General; Synopsis of Committee Reports; 
Cooperation with Other Organizations; Personnel of Committees by Rail- 
ways; Exceptional Committee- Service Records. 

(II) Membership. — Status of Membership as of March 1, 1931; Clas- 
sification of Membership; Deceased Members; Geographical Distribution; 
Railway Executives Enrolled as Members; Railways Represented, Mileage 
and Members. 

(III) Publications. — The Monthly Bulletin; Proceedings; Manual of 
Recommended Practice; Portfolio of Track-Work Plans, Designs and 
Specifications; Index of the Proceedings; Monographs. 

(IV) Finances. — Financial Statements for Calendar Year 1930; 
Stresses in Railroad Track Fund; General Balance Sheet- 

(V) Miscellaneous. — Laboratory Experiments of Imperfections in 
Rail Steel ; Amendment to Constitution (relating to qualifications for mem- 
bership) ; New Headquarters of the Association; “Reporters” for Inter- 
national Railway Congress Association; Acknowledgment. 

Respectfully submitted. 
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(I) COMMITTEE-WORK 

Cornmittee-work is the chief instrument of the Association for 
the advancement of knowledge pertaining to the scientific and economic 
location, construction, maintenance and operation of railways. The 
results of its research in the Science of Railway Engineering and 
economic problems have been notable and outstanding in the past and 
promise to be so in the future. 

In the early part of the past year, at the instance of President 
Brooke, an appeal was made to Committee Chairmen to eliminate 
from committee reports all material of a temporary nature or matter 
not of permanent value, in order that the Proceedings might not be 
burdened with data of this character. A review of the current reports 
will indicate that committees have cooperated whole-heartedly in this 
matter. It has been the aim of the Board of Direction to improve the 
quality of Association’s work, rather than its quantity. 

Below is given a brief synopsis of the salient points embodied in 
the reports presented for your approval: 

Committee on Roadway. — The Committee is making a study of the 
question of preparing specifications for “Overhaul,” which were formerly 
included in the Manual but were withdrawn. A number of changes in the 
chapter on Roadway in the Manual are submitted for approval, including 
a revision of Specifications for Concrete Fence Posts. A complete review 
and amplification of the subject of Roadbed Drainage, and its substitution 
for the corresponding material now in the Manual are submitted. A report 
of progress is presented on the subject “Influences affecting the life of fence 
wire and methods for preventing its corrosion.” A further report is made 
on the subject of “Permanent Roadbed,” supplementing the information here- 
tofore presented, A report is offered on the topic, “Good grading practice,” 
as information and to bring out discussion. “The use of highway crossing 
plank and substitutes” is discussed, and a test made on the Chicago, Mil- 
waukee, St. Paul & Pacific is described. “Methods of roadway cross- 
sectioning calculations and measurements” are included in the report. The 
cause and prevention of heaving track due to frost action and maintenance 
methods while the effects of heaving are present are presented and discussed. 

Committee on Ballast. — This Committee has been engaged in ,a revision 
of “Specifications for Prepared Gravel Ballast, including best method of 
testing, etc.,” and is attacking the problem in two parts (1) consideration 
of requirements and methods of tests for grading and cleanness, and (2) 
consideration of methods of testing and requirements for hardness, abrasion 
and resistance to weathering. Revised “Specifications for Stone ‘Ballast” 
are offered as a substitute for those now in the Manual. In answer to the 
question, “What is Ballasted Track?” the Committee offers the following 
answer : “Ballasted Track is track to which ballast has been applied* in its 
proper relative position.” 

u on Ties.— A final report is made by the Committee on 

‘anti-splitting devices” for cross-ties, supplemented by recommendations, 
si>ecifications and drawings for such devices. From examinations made by 
the Committee as a whole and by individual members, it is the Committee’s 
observation that not only did railroads more generally adhere to standard 
tie spedfications during the past year, but that contractors also more gener- 
ally rejected sub-standard ties, with the result that ties in existing stocks 
on the whole are nearer standard than they have ever been. Following its 
course of many years, the report contains up-to-date information as to substi- 
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tute ties, and a table giving" data of such installations and results. The 
Committee submits a series of tables covering cross-ties laid in replacement 
jn leading railroads of the United States and Canada, as of December 31, 
1929. Methods and practices for proper seasoning of ties, with particular 
reference to increasing tie service life, are reported on. A valuable paper 
entitled “Study of the Life of Untreated Hardwood Ties and Creosoted 
Red Oak Ties, based on Tie Records of the Kansas City Southern Railway,’* 
by S. E, Shoup, a member of the Committee, is included in the report. 

Committee on RaiL — Revisions of a number of forms now in the 
Manual are presented. Branding of tee rails, with a view towards standard- 
ization, with illustrations of typical brands, data to be given and order of 
arrangement, and also typical stamping recommended and complete list and 
design of letters and numerals, are presented for approval. Up-to-date 
information as to the operation of the Transverse Fissure car is offered. 
Rail failure statistics and also transverse fissure statistics are included in 
the report. The Committee has continued its study of the cause and pre- 
vention of rail batter and presents the results of such study. A compre- 
hensive report is made on the tests of alloy and heat treated carbon steel 
rails, and the experiences of various railroads are given. 

Committee on Track.';; — Revision of “Specifications for Steel Tie Plates*’ 
is proposed, also two additional sections. The Committee reaffirms its previ- 
ous recommendafion that the subject of super-elevation of the outer rail on 
curves be withdrawn, and gives its reasons for such recommendation. A 
substitute for the present recommendations in the Manual regarding tem- 
perature expansion for laying rails is presented. The Committee offers for 
approval plan for manganese steel one-piece guard rail on six ties, and two 
plans are submitted as information for Nos. 8 and 10 frogs of medium 
weight rails, rail-bound manganese steel, bolted rigid, spring rail and solid 
manganese steel. ^ For the past three years the Committee has reported op 
methods of reducing rail wear on curves, with particular reference to lubri- 
cating the rail or wheel flanges; in the current report, the Committee offers 
some additional information, supplemented with conclusions. The cause and 
effect of brine drippings from refrigerator cars has been studied by the 
Committee for a number of years; in the present report the Committee 
again submits the recommendations proposed last year, to the effect that 
“Railroads require the maintenance of brine retaining apparatus on the 
meat-carrying or bunker type of cars in the best possible shape; that the 
Mechanical Division continue vigorously its efforts to perfect a design for 
the fruit and vegetable carrying car that will permit of installation and 
operation of brine retainers on this type car; that the effort on the part of 
the Car companies and refrigerant manufacturers to find a refrigerant which 
will take the place of salt and ice, and eliminate entirely the making of brine, 
and consequently its damage, be encouraged by the American Railway Asso- 
ciation and the individual roads ; that in the meantime railroads continue the 
app'lication to their structures of the protective agents mentioned and being 
tried on the various systems, and further to make tests of any additional 
agents which offer promising possibilities.” 

Committee on Buildings. — Tentative “Specifications for Concrete used 
in Railway Buildings” are offered for discussion with the view of submitting 
them at a later date for insertion in the Manual, Additional “Specifications 
for Buildings for Railway Purposes” are now submitted for approval, 
namely, Oil-Burning Equipment, Sheet Asphalt Pavements, and Asphalt 
Mastic Floors; a minor modification to the latter specification is proposed. 
Standardization of Metal Buildings and Parts is reported on, with a sug- 
gested specification. An exceptionally valuable report is submitted on the 
subject of the “Use of Welding in Buildings.** This report includes defini- 
tions of welding terms, accompanied by illustrations ; welding symbols ; con- 
ventional welding symbols, and a partial list of structures in the United 
States built wholly or in part with welded joints. Another comprehensive 
report is that dealing with elevators, lifts and escalators. 
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Committee on Wooden Bridges and Trestles. — Progress is reported 
on the subject of Simplification of Grading Rules and Classification of 
Timber for Railway Uses; contact is being maintained with the Central 
Committee on Lumber Standards and the Forest Products Laboratoiw on 
this subject. In its report on Standardization and Simplification of Store 
Stock and Disposition of Material Reaching Obsolescence, the Committee 
points out that a more general use of the sizes and lengths shown on the 
plans for the Association’s standards would result in simplification of manu- 
facture of bridge timber, and this in turn would affect the simplification pf 
storehouse stocks and permit of reduction of such stocks. Continuing its 
study of Overhead Wooden or Combination Wooden and Steel Highway 
Bridges, the Committee presents for consideration two typical plans for 
timber highway overhead bridges, one with concrete floor slab and the other 
with laminated timber floor and four suggested types of wearing surface. 

Committee on Masonry- — ^Revised Specifications for Portland Cement 
are offered to replace those now in the current Manual. The Committee 
presents for discussion principles for the classification and design of rein- 
forced concrete arches for railroad loadings ; this data to be subsequently 
utilized as a basis for the preparation of recommended specifications for the 
design and construction of reinforced concrete arches for railroad loadings. 
Progress in the science and art of concrete manufacture is reported, and a 
tentative specification and test for high early strength Portland cement of 
the A.S.T.M. is submitted. A valuable report on Waterproofing and Damp- 
proofing is presented. A comprehensive study on methods of repairing 
deteriorated concrete is embodied in the report. 


Committee on Grade Crossings. — ^The Committee presents certain 
changes in the recommendations concerning standard automatic flashing light 
and wigwag crossing signals. Revised plans for highway crossing signs, 
prepared in collaboration with representatives of the Signal Section, are 
presented for approval. A report is submitted on the comparative merits 
of various types of grade crossing protection. An outline for the classifica- 
tion of highway grade crossings is presented as information; also, form of 
record^ of railroad and highway traffic over highway grade crossings. The 
Committee reports its conclusion that the principles heretofore adopted by 
the Association and included in the Manual embody the proper method for 
developing and evaluating relative benefits to the public and railways from 
grade crossing protection or elimination. The Committee reports on pro- 
vision which should be included in uniform statutes governing highway grade 
crossing protection or elimination. Under the heading ^‘Specifications for 
location, height and illumination of signs protecting grade crossings, the 
Committee suggests that illumination of the advance warning sign should 
be effected by the use of crystal (colorless) reflector button lenses iJlh inch 
in diameter set in letters “RR.” The same recommendation is made with 
reference to the Highway Crossing Sign, the lettering to be “Railroad 
Crossing.” The Committee offers for approval a proposed form for report- 
ing highway crossing accidents. 


Committee on Signals and Interlocking.— The Committee reports on 
developments of automatic control and cab signals, including tables showing 
voluntary installations of automatic train control, and a list of roads operat- 
ing locomotives over portions of other lines equipped with train control. 
The report contains an exceedingly valuable report on the improvement in 
railway operating efficiency and progress made in the use of modern railway 
signal systems. The current activities of the Signal Section are reported on, 
to keep the members of the A.R.E.A. informed. 


Committee on Records and Accounts.— In connection with the report 
on methods and forms for gathering data for keeping up-to-date the valua- 
tion and other records of the property of railways, the Committee presents 
an exhaustive list of definitions of terms; forms for bringing land valuations 
to a later date; a revision of the Roadway Completion Report is submitted. 
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A report is made on the subject of methods of avoiding duplication of effort 
and for simplifying and co-ordinating work under the requirements of the 
I.C.C. with respect to accounting, valuation and depreciation. The Com- 
mittee offers for consideration a proposed form for reporting the cost of 
water production. A brief report is made on accounting for industry tracks 
in its relation to ownership and contract provisions. The Committee reports 
progress on the assignment “methods and forms for maintaining a record of 
changes in jointly owned interlocking plants, with respect to ownership and 
contract provisions.” A comprehensive report is made on the use of mechan- 
ical devices for accounting, various devices and methods being described. 
To keep the members informed, a useful bibliography on subjects pertaining 
to records and accounts, appearing in current periodicals, is included in 
the report. 

Committee on Hules and Organization- — The Committee has con- 
tinued the preparation of “Rules for the Guidance of Kmployees of the 
Maintenance of Way Department,” with special reference to maintenance 
of bridges ; maintenance of structures other than buildings, and maintenance 
of telegraph and telephone lines and appurtenances. Additional rules for 
employees working on or about the track are presented, and minor revisions 
in previously adopted rules. Titles employed to designate positions of corre- 
sponding rank in maintenance of way service are proposed. As information, 
the Committee presents a recommended uniform registration law for profes- 
sional engineers and land surveyors. This law was compiled by a com- 
mittee of representatives of the American Society of Civil Engineers, Amer- 
ican Society of Mechanical Engineers, American Institute of Electrical 
Engineers, New York State Society of Professional Engineers and Land 
Surveyors, and National Council of State Boards of Engineering Examiners. 

Committee on Water Service and Sanitation. — The Committee re- 
ports progress on the cause and extent of pitting and corrosion of locomotive 
boiler tubes and sheets ; it is keeping in touch with a number of service tests 
now being carried out on various railroads, and hopes to present an interest- 
ing summary of the results of such tests a year hence. The Committee has 
continued its study of the relative cost of eliminating impurities in locomotive 
boiler water and the value of treatment with respect to chemicals and com- 
pounds applied direct to locomotive boilers and roadside tanks, and presents 
a discussion of the relative costs and values of chemicals used in boilers or 
tanks. A valuable report is presented on simplification and standardization 
of equipment and materials used in railway water service. Another report 
of value is the one on automatic and remote control of pumping equipment. 
In a report on protection of water supply pipe lines systems from electrolysis, 
the Committee points out the important points which should be considered 
by railroads in safeguarding their water supply systems from electrol 3 ^ic 
corrosion. The importance of accurate and constant control and supervision 
of water treating plants is stressed in an excellent report on the subject of 
chemical control and general supervision of water-softening plants. An 
illuminating report on protection of boilers and boiler materials from cor- 
rosion and deterioration while in storage is presented. The Committee has 
kept in touch with the progress being made by Federal and State authorities 
on regulations pertaining to drinking water supply. The Committee presents 
a report on methods of laying cast iron pipe and specifications. 

Committee on Yards and Terminals. — Progress is reported on the 
assignment “provisions for parking and garage facilities for private auto- 
mobiles of railway passengers at passenger terminals and way stations”; 
the matter is under observation by the Committee, and will be reported on 
fully at a later date. The report on “Hump Yards,” is sub-divided into a 
number of headings: (1) studies; (2) track layout; (3) track gradients; 
car resistance on tangent track; curve resistance compensation; gradients 
through last retarder; (4) scales; (S) hump facilities; (6) retarder tow- 



26 


Secretary's Report 


ers; (7) communication facilities; (8) yard lighting; (9) hot oil system; 
(10) fiang^e oilers; and (11) summary. Under the caption, “Scales,” the 
Committee recommends the withdrawal from the Manual of the matter under 
the heading “V — General Specifications for Master Scales,” for the purpose 
of preparing a more satisfactory specification, to be presented at a later 
date. The report also contains an interesting bibliography of articles on 
railway stations, yards, marine terminals and air ports, appearing in current 
periodicals since the last report was made. 

Committee on Iron and Steel Structures. — The Committee offers a 
minor change in the Specifications for Steel Highway Bridges ; also, a change 
in the Specifications for Steel Highway Bridges, and the addition of a 
specification for Forged Steel. Track anchorage over bridges and similar 
structures is reported on, and the practice of various railroads is given. The 
Committee reports that information recently collected indicates an increased 
use of copper-bearing steel for structural purposes, that four of the largest 
railroad Systems are now specifying copper-bearing steel for railway bridges, 
and that there is an increase in the use of this material for turntables, for 
roof and side panels on steel buildings. The Committee offers for approval 
revisions of the chapter on “Workmanship” in the General Specifications 
for Steel Railway Bridges, to cover punched and reamed work. The Com- 
mittee submits as information a discussion of the longitudinal forces as they 
apply to railway bridge superstructures and substructures; also, a design Of 
rivet heads for steel structures. 

Committee on Economics o£ Railway Location. — In its report prc' 
sented a year ago, the Committee submitted a method for choosing an 
electric locomotive for a specified service. In the current report, this method 
is illustrated and a problem is stated in electric locomotive selection together 
with a solution. The Committee has continued its study of the extent train 
resistance is increased when trains are operated on flexible rails as compared 
with the same operation with stiffer rails, and points out that the heavier 
rail sections are factors in decreasing train resistance in operation due to 
less flexibility. The Committee offers for approval a final report on the 
proper size and character of field organizations for railway location and 
construction. 

Committee on Wood Preservation.^Continuing its practice of former 
years, the Committee has made available in the form of statistics, a large 
amount of valuable data on service test records of treated ties, including tie 
renewals per mile maintained on various railroads ; reports on infection Of 
cross-tie test tracks on the Burlington, Great Northern, Rock Island, St. 
Louis Southwestern, Chicago, Milwaukee, St. Paul & Pacific, and Soo Line. 
Through a Sub- Committee, developments have been recorded on the subject 
of piling used for marine construction; it is also co-operatin|; with the 
Chemical Warfare Service of the U. S, Army in observing test pieces placed 
at various points throughout the country of various tropical timbers which 
have been reported to be resistant to marine borer attack. Progress is 
being reported on the study of destruction by termite and possible ways of 
preventing same. As a result of its study of the practicability of boring 
bridge and switch ties for spikes before treatment, the Committee is of the 
opinion that the preboring of bridge ties for spike holes prior to treatment 
is practicable and an economical thing to do. 

Committee on Electricity. — ^The Committee briefly summarizes the 
reports presented at the annual session of the Electrical Section held in 
October, 1930. Several of these reports are of general interest to the mem- 
bers of the A.R.E.A., among them being the report on Power Supply, cover- 
ing steam power available for traction and general power purposes; water 
power, and internal combustion engine power supply. Specifications for 
Bronze and Copper Trolley Wire were presented and approved ; also, Speci- 
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fications for Black Varnished Cloth Tape — straight and bias cut. Revisions 
of the “Rules for the Protection of Oil Sidings from Danger Due to S^ay 
Currents” were offered and approved by the Electrical Section. A revised 
Incandescent Lamp Standard was submitted and approved. Of particular 
interest to the A.R.E.A. is the report on floodlighting of railroad yards. 
A progress report on design of indoor and outdoor substations was presented. 

Committee on Uniform General Contract Forms. — The Committee 
submits a report on Cost-Plus Methods in Construction Contract, supple- 
menting the form of Cost-Plus Percentage Construction Contract heretofore 
adopted by the Association ; the supplementary material covering Cost-Plus 
a Fixed Fee and Cost-Plus a Stated Sum with Adjustments for Varying 
Conditions, The Committee concludes that no special form of contracts for 
maintenance of way work is necessary and none is recommended. Progress 
is reported by the Committee on the preparation of a form of agreement for 
the purchase of electrical energy in large volume (such as required for 
traction purposes), and on form of agreement for the organization and 
operation of a joint passenger terminal project. 

Committee on Economics of Railway Labor. — This Committee 
presents a well-considered report on effects of recent developments in main- 
tenance of way practices on gang organization (such as use^ of heavier 
rail, treated ties, and labor-saving devices, which make practicable small 
section forces, and conducting the major part of maintenance work with 
extra gangs). In the report on this subject, reference is made to- railways 
which have increased length and decreased number of sections; railways 
which have reduced track forces ; roads which have transferred section work 
to extra gangs; and roads which report no effects on gang organization. 
The Committee concludes that recent developments in maintenance of way 
practices, such as improved materials and labor-saving devices, have reduced 
the amount of track labor required for adequate maintenance; and that it 
is apparent that these developments in maintenance of way practices should 
permit the transferring of the heavier routine maintenance work from 
section gangs to specialized gangs equipped with modern labor-saving 
machinery, with large resulting economy. As a result of its study of the 
subject “i^onoraies resulting in the diversion of traffic on multiple track 
lines for maintenance purposes,” the Committee concludes that under all but 
the most intensive traffic the practice of diverting of traffic on multiple track 
lines to facilitate the work of the maintenance forces is feasible, and when 
employed results in definite savings in the cost of doing the work, as well 
as in net savings to the railway ; in addition to the economies effected, there 
are added benefits in larger production, better work, and greater safety 
to the workmen ; the provisions necessary for diverting the traffic are com- 
paratively simple and can be varied to meet physical conditions or conform 
to operating methods ; that there is little, if any, added interference with 
train movements while the work is actually under way ^d operating condi- 
tions as a whole are improved, as compared with doing the work under 
traffic, by reason of the reduction in time required for its completion. The 
Committee summarizes its study of the subject “Practical^ methods of 
stabilizing maintenance of way forces” in the form of conclusions reading: 
“The stabilization of forces is essential to maximum economies; the prac- 
tical method of stabilizing maintenance of way forces is by the establishment 
of a basic force that can be economically employed during slack period, and 
by adding to this a temporary force as required, with provision for a 
definite date of termination for all such positions. This will provide a 
fairly uniform permanent force, and train recruits to fill jobs as vacated. 

Committee on Economics of Railway Operation. — This Committee, 
in its current report, has added another notable contribution to the study 
of methods of increasing the traffic capacity of a railway. The report 
includes a study of railroad operations with the view of increasing ite 
capacity with its existing facilities, and a similar study by providing addi- 



28 


Secretary's Report 


tional facilities. A series of conclusions are offered for approval with the 
view of having them prepared and presented for publication in the Manual. 
A formula for determining comparative economies of flat and hump yard 
switching is presented for approval and publication in the Manual. The 
Committee presents as informaton a report on suitable units for operating 
and equipment statistics required by the Interstate Commerce Commission 
to be used on cost comparisons of transportation, equipment and roadway 
maintenance. The Committee presents further data on the problems of 
railway operation as affected by the introduction of air transport lines, 
motor truck and bus lines, with special reference to the effect of the latter 
upon branch or feeder lines. The Committee reports progress on the assign- 
ment, “study and report on economies resulting from the use of radio tele- 
phone for long freight trains and for yard work." 

Committee on Shops and Locomotive Terminals. — The Committee 
presents an interesting report on locomotive washing platforms, with a 
series of conclusions for publication in the Manual. Several types of 
permanent locomotive washing platforms installed on various railroads are 
illustrated in the report; also, a tabulation giving details of the practice 
of a number of roads. A report of progress is presented on general layouts 
and design of car shops. A layout plan for use with the progressive system 
for heavy repairs to steel and composite cars, recommended by the Mechan- 
ical Division Committee of the A.R.A., is shown; also, steel and freight 
car repair shops of the Rock Island and Milwaukee roads are illustrated. 
A progress report is made on inspection pits, with plan of a typical 
inspection pit. 

Committee on Rivers and Harbors. — The report is presented under 
two main headings, “Rivers” and “Harbors.” Definitions of terms used in 
construction and maintenance of rivers and harbors are submitted. The 
Committee recommends that the “Specifications for Levee Construction,” 
appearing in Volume 31, Proceedings for 1930, pp. 1346-1350, inclusive, be 
approved for publication in the Manual. The Committee also submits speci- 
fications covering the several types of river bank protection and levees in 
common use. Report on various types of dredges and their respective uses, 
together with dredging specifications, is submitted for approval and publica- 
tion in the Manual. 

Special Committee on Maintenance of Way Work Equipment. — 
This recently formed Committee presents its first amiual report. A series 
of definitions of terms used in connection with maintenance of way work 
equipment are presented for approval and publication in the Manual. In 
connection with standardization of parts and accessories of railway main- 
tenance motor cars, the Committee presents for approval plans covering 
couplers, safety rails and tool trays. As a result of its study of the subject 
methods of alarm for gasoline propelled track cars, the Committee considers 
the use of warning devices on track cars unnecessary except under special 
conditions- The Committee submits as information a report on methods 
of scheduling and assigning of work equipment; methods of keeping data 
on work equipment and labor-saving devices, and forms for keeping such 
records; organization for use and maintenance of tie tamjiing machines: 
care of work equipment when not in use, with special reference to proper 
housing. Recommendations are submitted for approval relating to standard 
colors for work equipment and motor cars. The Committee reports progress 
on the standardization of voltage and kind of current for use in electrically 
operated machines and tools for roadway purposes, and on the best practice 
of maintaining labor-saving devices on construction and maintenance of way 
work, and the organization of the necessary supervisory force. 

Special Committee on Standardization. — ^This Committee, composed 
of the Chairmen of all Standing and Special Committees and members rep- 
resenting Canadian practice, considers its functions to be to encourage the 
use of A.R.E,A. recommended practices in the railway field, and to promote. 
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as national standards, such subjects as may be selected for sponsoring by 
the Board of Direction; to maintain contact with standardization bodies and 
keep the Association informed on important matters developed by such contact. 
The current report calls attention to the approval of the A.R.E.A. Manual 
by the American Railway Association as an aid in the extension of uniform 
practice. A classification of A.R.E.A. recommended practices according 
to use is included in the report. The representation of the American Railway 
Association in American Standards Association is given in the report 
Reference is also made to Canadian Engineering Standards Association, other 
national standardization bodies, International Standards Association, and 
the Paris Conference. The report concludes with a table showing “American 
Standards” approved by A.S.A. from September 1, 1929, to September 1, 
1930, and a list of technical projects on which railway associations are 
now co-operating. 

Special Committee on Clearances. — The Committee presents for 
approval clearance diagrams for bridges and tunnels, buildings and sheds, 
warehouses and engine house doors, and for platforms. In co-operation with 
the Car Construction Committee of the Mechanical Division, A.R.A., on 
the assignment covering clearances as affected by half -through inter-track 
girders and other structures, the Committee has issued a questionnaire cover- 
ing the outline of a proposed standard box car, a diagram covered by this 
assignment to be submitted at a later date. 

Special Committee on Stresses in Railroad Track. — The Committee 
reports progress on its study of the rail-joint. It is expected to conduct 
tests on track on two or more railroads during 1931. Committee reports 
that considerable work has been carried out on laboratory tests on several 
types of rail- joint to determine several features in the action of the joints, 
including the influence of the position of the load, the deflection and 
stiffness of joints, and the relative lateral and vertical movements between 
bar and rail. 


CO-OPERATION WITH TECHNICAL ORGANIZATIONS 

The Association is collaborating with other technical organizations in 
the study of problems of mutual concern. The advantages of such collabora- 
tion are manifold and are of distinct benefit to the participating associations. 
A list of the associations with which we are co-operating is given below : 

American Society of Civil Engineers. 

American Society for Testing Materials. 

American Standards Association. 

Central Committee on Lumber Standards, 

Chemical Warfare Service, U.S. Army. 

Highway Research Board, National Research Council. 

Joint Committee on Automatic Train Control. 

Joint Committee on Concrete and Reinforced Concrete. 

Joint Committee on Grade Crossing Protection. 

Joint Committee on Railway Sanitation. 

Manganese Track Society. 

Mechanical Division, American Railway Association. 

Motor Transport Division, American Railway Association. 

National Electric Light Association. 

National Scalemen*s Association. 

National Committee on Wood Utilization. 

Portland Cement Association. 

Rail Manufacturers* Technical Committee. 

University of Illinois Engineering Experiment Station. 
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(II) MEMBERSHIP 

For the first time in many years, it is necessary to record a slight loss 
instead of a gain in the number of members enrolled. This decrease is 
attributable to the industrial depression prevailing during 1930. 

The Membership Committee is now making plans with a view of increas- 
ing the membership, and it is hoped a year hence to show a marked addition 
to the rolls. 

We have not quite reached the saturation point of membership. There 
are still a considerable number of persons eligible for membership whose 
aJSiliation would prove mutually beneficial. Members can render a most 
useful service by inviting such eligible persons to become identified with 
the Association. 

The table below gives the present status of the membership: 


Membership as of March 1, 1930..... 2,856 

Additions during the year 145 

Losses by death 36 

Resignations 55 

Dropped from rolls 119 210 

Net loss 65 65 

Total Membership as of March 1, 1931 2,791 


Classification of Membership. — ^The tabulation below indicates that 
the Association in its development and broadened scope, has attracted to its 
membership many representatives of departments other than the Engineer- 
ing Department of railways. In this we are sin^larly fortunate, as it afiords 
opportunity of having the various subjects studied by the Association viewed 
from every angle and proper representation made of the viewpoint of each 
department. 


General Officers 214 

Includes Chairmen of Boards, Presidents, Directors, Vice-Presi- 
dents, Assistants to President, General Managers, Assistant 
General Managers 

Conducting Transportation Officers 108 

Includes General and Assistant General Superintendents, Division 
Superintendents, Trainmasters 

Maintenance of Way and Structures Officers 1,879 

Includes Chief Engineers, Chief Engineers of Maintenan<^ of 
Way, Engineers Maintenance of Way, Bridge Engineers, Divi- 
sion Engineers, Signal Engineers, Assistant Engineers, etc. 

Maintenance of Equipment Officers 30 

Includes General Superintendents of Motive Power and other 
Mechanical Department Officers 


Traffic Officers 


Accounting Officers 

Purchasing and Stores Department Officers 
Professors in Colleges 


Miscellaneous 

Includes Consulting and Civil Engineers, Engineers of Industrial 
Corporations, Government and Municipal Engineers, etc. 


2,791 


A 


Total 
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Bnraarb listttivrit 


F. E. Abbott, 

Civil Engineer 

Robert Armour, 

Consulting Masonry Engineer, Canadian National Railways 
S. J. Bratager, 

Retired Assistant Chief Engineer, Northern Pacific Railway 
M. C Byers, 

President, Western Maryland Railway 

J. A. Colby, 

Inspection Engineer 

M. W. Cooley, 

Retired General Manager, Uintah Railway (Charter Member) 

F. M. Davison, 

Building Engineer, Valuation Department, New York Central Lines 
Walt Dennis, 

Superintendent, New Jersey, Indiana & Illinois Railroad 
C. L. Doub, 

Assistant Engineer, Reading Company 
J. H. Edwards, 

Chief Engineer, American Bridge Company 
S. M. Felton, 

Chairman, Board of Directors, Chicago Great Western Railroad 
(Charter Member) 

J. H. Gallivan, 

Division Engineer, New York, New Haven & Hartford Railroad 
A. L. Grandy, 

Assistant to Vice-President, Pere Marquette Railway 

A. L. Greenebaum, 

Civil Engineer 

Albert Hansen, 

Assistant Engineer, Baltimore & Ohio Railroad 
A. E. Harvey, 

Chief Engineer, Kansas City Public Service Company 
A. H. Hogeland, 

Consulting Engineer, Great Northern Railway 
H. J. Hughes, 

Dean, Engineering School, Harvard University 
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L. E. Hyatt, 

Supervisor of Water Service, Missouri Pacific Railroad 
P. B. Jeffries, 

Assistant Engineer, Illinois Central Railroad 
L. L. Kelly, 

Bridge Engineer, Norfolk & Western Railway 
Walter T. Krausch, 

Engineer of Buildings, Chicago, Burlington & Quincy Railroad 
T. H. Lantry, 

General Manager, Northern Pacific Railway 

John Lundie, 

Consulting Engineer 

Charles H. Markham, 

Chairman of Board, Illinois Central System 

G. A. McCarthy, 

Assistant Engineer, City Hall, Toronto, Ont., Canada 
W. A. McGonagle, 

President, Duluth, Missabe & Northern Railway (Charter Member] 
Frank Merritt, 

Chief Engineer, Gulf, Colorado & Santa Fe Railway 
Richard Montfort, 

Consulting Engineer, Louisville & Nashville Railroad (Charter Mem- 
ber) 

C. E. Phelps, 

Assistant Engineer, Missouri Pacific Railroad 
J. W. Raitt, 

Assistant Engineer, Norfolk & Western Railway 
W. M. Robinson, 

President and General Manager, Augusta & Summerville Railroad 
A. L. Sarvey, 

Valuation Engineer, Michigan Central Railroad. 

R. M. SiAS, 

Chief Engineer, Galveston Wharf Company 
Elmer A. Sperry, 

President, Sperry Development Company 
W. J. Towne, 

Chief Engineer, Chicago & Northwestern Railway 
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GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP 
United States and Possessions 


Alabama 7 

Arizona 3 

Arkansas 29 

California 76 

Colorado 16 

Connecticut 29 

Delaware 1 

District of Columbia 35 

Florida 25 

Georgia 44 

Hawaii 1 

Idaho 8 

Illinois 354 

Indiana 53 

Iowa 24 

Kansas 60 

Kentucky 43 

Louisiana 22 

Maine IS 

Maryland 61 

Massachusetts 69 

Michigan 59 

Minnesota 77 

Mississippi 13 

Missouri 236 

Montana 11 


Nebraska 38 

New Jersey 51 

New Hampshire 6 

New Mexico 1 

New York 254 

North Carolina 23 

North Dakota 3 

Ohio 162 

Oklahoma 22 

Oregon 9 

Pennsylvania 198 

Philippine Islands 3 

Porto Rico 1 

Rhode Island 3 

South Dakota 1 

Texas 120 

Tennessee 22 

Utah 7 

Vermont 9 

Virginia 113 

Washin^on 29 

West Virginia 35 

Wisconsin 17 

Wyoming 3 


2501 


Other Countries 


Canada 146 

Japan 31 

South America 20 

Mexico 13 

Cuba 9 

England 9 

Union Soc. Sov. Rep 12 

China 8 

Australia 7 

India 5 

Central America 3 

Germany 2 

Africa 1 

Costa Rica 2 


Korea 2 

France 1 

Manchuria 5 

Siam 2 

Czecho-Slovakia 2 

Scotland 3 

New Zealand 1 

Poland 1 

Spanish Honduras 1 

Sudan 1 

Sweden 1 

Switzerland 1 

Jamaica 1 
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Railway Bxecutives on Membership Rolls. — ^It is gratifying to have the 
active interest and affiliation of the principal Railway Executives in the work 
of the Association. It is a privil^e to record the names of Presidents hold- 
ing membership in the Association and the roads they direct: 

Algoma & Eastern Railway Grant Hall, President 

Atchison, Topeka & Santa Fe W. B. Storey. President 

Atlanta, Birmingham & Coast B. 1 m Bugg, President 

Atlantic Coast Bine G. B. Elliott, President 

Baltimore & Ohio Daniel Willard. President 

Bangor & Aroostook Percy Todd, President 

Boston & Maine Railroad B. S. French, President 

ButCalo, Rochester & Pittsburgh W. T. Noonan. President 

Canadian National... Sir Henry W. Thornton, Chairman and 

President 

Canadian Pacific B. W. Beatty, Chairman and President 

Central of Georgia A. B. Clift, President 

Central of New Jersey W. G. Besler, Chairman of Board 

R. B. White, President 

Chicago, Burlington & Quincy F. B. Williamson. President 

Chicago Gh-eat Western V. V. Boatner, President 

Chicago, Rock Island & Pacific J. E. Gorman. President 

Chicago & Northwestern F. W. Sargent. President 

Colorado & Wyoming J. F. Welbom, President 

Chicago & western Indiana E. H. Lee, President 

Delaware, Lackawanna & Western J. M. Davis, President 

Denver & Rio Grande Western... J. S. Pyeatt, President 

Elgin, Joliet & Eastern A. F. Banks, President 

Erie C. E. Denney, President 

Eureka & Nevada J. H. Sherburne, President 

Great Northern Ralph Budd. President 

Huntingdon & Broad Top Mountain. . J. Bancroft, President 

Illinois Central L. A. Downs, President 

International Railways of Central 

America Fred La vis, President 

Jacksonville Terminal J. L. Wilkes, President 

Kansas City Southern C. E. Johnston, President 

Lehigh Valley B. B. Loomis, President 

Louisville & Nashville W. R. Cole, President 

Minneapolis, St. Paul & Sault Ste. _ ^ 

Marie C. T. Jaffray, President 

Montana, Wyoming & Southern M. A. Zook, President 

Missouri Pacific L. W. Baldwin. President 

Mlssourl-Kansas-Texas C. Halle, President 

New York Central Lines P. E. Crowley, President 

New York, New Haven & Hartford- . . J- J. Pelley, President 

Nickel Plate Road W. L. Ross, President 

Northern Pacific Charles Donnelly, President 

Norfolk & Western A. C. Needles, President 

Pennsylvania System W. W. Atter bury, ^President 

Peoria & Pekin Union E. I. Rogers, President 

Rapid City, Black Hills & Western 

Railway P. B. Clarity, President 

Reading A. T. Dice, President 

Richmond, Fredericksburg & Potomac. E. Hunton, Jr., President 

Sand Springs Railway T. H. Steffens, President 

St. Louis-San Francisco J. M. Kurn, President 

St. Louis Southwestern Daniel Upthegrove, President 

Seaboard Air Line L. R. Powell# Jr., Resident 

Southern Pacific Hale Holden. Chairman Executive 

Committee 

A, D. McDonald. Vice-Chairman, Ex- 
ecutive Committee 
Paul Shoup, President 

Southern Railway System Fairfax Harrison, President 

Tennessee, Alabama & Georgia Geo. H. Burgess, President 

Tennessee Central. H. W. Stanley, President 

Terminal Railroad Assn, of St. Louis,. Henry Miller, President 

Toledo Terminal A. B. Newell, President 

Union Pacific Carl B. Gray, President 

Wabash J. E. Taussig, President 

Western Pacific T. M. Schumacher, Chairman Execu- 

tive Committee 

Representing 208,492 miles of railroad. 
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RAILWAYS REPRESENTED IN THE A.R.E.A., MILEAGE AND 
NUMBER OF MEMBERS 


Akron, Canton & Youngstown Railway 

AJgoma Central & Hudson Bay Railway 

Alton & Southern Railroad 

Ann Arbor Railroad 

Arkansas Railroad Company 

Arkansas & Louisiana Missouri Railway. 

Atchison, Topeka & Santa Fe Railway System 

Atlanta, Birmingham & Coast Railroad 

Atlanta & West Point Railroad 

Atlantic City Railroad 

Atlantic Coast Line Railroad 

Baltimore & Ohio Railroad System 

Bangor & Aroostook Railroad 

Bessemer & Lake Erie Railroad 

Bingham & Garfield Railroad 

Boston & Maine Railroad 

Brantford Steam Railroad 

Brooklyn-Manhattan Transit Corporation 

Buffalo, Rochester & Pittsburgh Railway 

Burlington-Rock Island Railroad 

Butte, Anaconda & Pacific Railway 

Canadian National Railways 

Central Vermont Railway 

Grand Trunk Western Railway 

Canadian Pacific Railway 

Cedar Rapids & Iowa City Railway 

Central of Georgia Railway 

Central Railroad of New Jersey 

Chesapeake Beach Railway 

Chesapeake & Ohio Railway 

Chicago, Burlington & Quincy Railroad 

Chicago Great Western Railroad 

Chicago, Indianapolis & Louisville Railway 

Chicago, Milwaukee, St, Paul & Pacific Railway 

Chicago, Rock Island & Pacific Railway 

Chicago Rapid Transit Company 

Chicago, St. Paul, Minneapolis Omaha Railway.. 

Chicago, West Pullman & Southern Railway 

Chicago & AJton Railroad 

Chicago & Eastern Illinois Railway 

Chicago & Illinois Midland Rahway 

Chicago & Northwestern Railwiy 

Chicago & Western Indiana Railroad 

Cincinnati Union Terminal Company 

Cleveland Union Terminals Company 

Colorado & Southern Railroad 

Colorado & Wyoming Railroad 

Columbia & Cowlitz Railway 

Copper Range Railroad 

Danville & Western Railway 

Delaware, Lackawanna & Western Railroad 

Delaware & Hudson Company 

Denver & Rio Grande Western Railway 

Denver & Salt Lake Railroad 

Des Moines Union Railway 

Detroit & Toledo Shore Line Railroad 

Duluth, Missabe & Northern Railway 

Elgin, Joliet & EJastern Illinois Railway 

Erie Railroad 

Eureka-Nevada Railroad 

Florida East Coast Railway 

Fort Smith & Western Railroad 

Fort Worth & Denver City Railroad 

Galveston, Houston & Henderson Railroad 

Georgia & Florida Railroad 

Great Northern Railroad 

Gulf, Mobile & Northern Railroad 

Houston Belt & Terminal Railway 

Hudson & Manhattan Railroad 

Huntingdon & Broad Top Railroad & Coal Company, 

Illinois Central System 

Illinois Traction System 

Indianapolis Union Railway 

Inter-Callfomia Railway 

Interstate Railway 

Jacksonville Terminal Company 

Johnstown & Stony Creek Railroad 


Number of 
Mileage Members 


171 

5 

323 

1 

32 

1 

332 

1 

20 

1 

85 

1 

9,627 

71 

637 

3 

227 

2 

164 

1 

5,310 

19 

5,640 

92 

619 

5 

228 

6 

40 

1 

2,090 

35 


1 


1 

602 

5 

367 

1 

65 

1 

21,686 

71 

462 

3 

1,448 

10 

15,297 

41 

28 

1 

2,021 

25 

693 

14 

28 

1 

3,089 

104 

9.325 

S3 

1,495 

10 

652 

3 

11,353 

34 

7,592 

59 


2 

1,747 

3 

31 

1 

1,028 

3 

946 

5 

102 

1 

8,459 

14 

71 

11 

. . . 

5 

60 

3 

1,035 

2 

40 

1 

8 

1 

108 

1 

83 

1 

998 

23 

924 

14 

2,562 

6 

232 

1 

28 

1 

50 

3 

568 

5 

453 

7 

2,560 

37 

88 

1 

867 

12 

250 

1 

697 

3 

50 

1 

502 

1 

8.605 

18 

733 

2 

24 

1 

9 

1 

74 

1 

6,762 

91 

520 

4 

16 

1 

52 

1 

74 

1 

51 

1 
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RAILWAYS REPRESENTED IN THE A.R.E.A., MILEAGE AND 
NUMBER OF AIEMBERS— Continued 


Kansas City Terminal Railway 

Kentucky & Indiana Terminal Railroad. 


Lehigh & Hudson River Railroad. 


Los Angeles Union Stock Yards. 
Louisiana Railway & Navigation 
Louisiana & Arkansas Railroad. 


Midland Continental Railroad. 


Minnesota & International Railway - 


Missouri & North Arkansas Railway 

Mobile & Ohio Railroad 

Montana, Wyoming & Southern Railroad. 

Montour Railroad 

Montreal Tramways Company 

Muncie & Western Railroad 


Newburgh & South Shore Railroad 

New Orleans & Great Northern RaUroa< 
New Orleans & Lower Coast Railroad. 
New Orleans & Northeastern Railway. 


Chicago Junction Railway. 


Connecticut Company 

New York, Ontario & Western Railway. 

Niagara Junction Railway 

Norfolk Southern Railroad 


Northwestern Pacific Railroad 

North & South Railroad 

Oklahoma Railway 

Oregon & Northwestern Railway. 


Pittsburgh & West Virginia Railway 

Pittsburgh, Chartiers & Youghiogheny Railroad. 

Pittsburgh, Lisbon & Western Railroad 

Portland Terminal Company 

Public Service Railway of New Jersey 

Pullman Railroad 

Reading Company i---*: v;*;/***i” 

Richmond, Fredericksburg & Potomac Railroad. . 

Rio Grande & Eagle Pass Railroad 

Rutland Railroad 

Sacramento Northern Railroad 

Sand Springs Railway 

San Francisco, Napa & Calistoga Railway 


Mileage 

Membe 

916 

15 

26 

4 

8 

1 

135 

1 

161 

1 

1,362 

10 

97 

1 

217 

4 

404 

5 

. , 

1 

204 

1 

608 

2 

5,250 

18 

1,121 

5 

69 

1 

363 

1 

4,378 

8 

1,627 

4 

140 

1 

211 

1 

150 

1 

202 

1 

3,189 

36 

7,451 

177 

1,173 

13 

1,160 

5 

365 

2 

1,159 

4 

34 

2 

57 

2 

# • • 

1 

4 

1 

1,203 

6 

6,920 

8 

82 

1 

277 

1 

60 

1 

202 

1 

5,729 

98 

410 

11 

240 

2 

2,741 

39 

137 

1 

120 

1 

1,858 

18 

211 

1 

231 

3 

1,691 

19 

2,133 

35 

. . . 

1 

569 

4 

6 

1 

933 

3 

2,240 

22 

6,962 

48 

440 

3 

41 

1 

155 

1 

51 

1 

10.512 

84 

168 

2 

2,241 

12 

175 

1 

103 

1 

92 

1 

23 

1 

23 

1 

49 

1 

40 

1 

6 

1 

1,628 

28 

118 

3 

25 

1 

413 

3 

269 

1 

10 

1 

46 

1 
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RAILWAYS REPRESENTED IN THE A.R.E.A., MILEAGE AND 
NUMBER OF MEMBERS— Continued 


Mileage 

Savannah & Atlanta Railroad ^ 147 

Seaboard Air Line Railway - 4,492 

Southern New Bngrland Railroad 

Southern Pacific System 9,130 

Southern Pacific Company of Mexico...* 1,370 

Texas & New Orleans Railway 4,722 

Southern Railway System 8,051 

Spokane International Railroad 166 

Staten Island Rapid Transit Company * . 23 

St. Louis-San Francisco Railway 5,811 

St. Louis Southwestern Railway 

Tela Railroad 234 

Temiskaming- & Northern Ontario Railway 443 

Tennessee Central Railroad * 296 

Tennessee Coal, Iron & Railroad Company 

Terminal Railroad Association of St. Louis 62 

Texarkana & Port Smith Railroad 81 

Texas Electric Railway 230 

Texas Pacific-Missouri Pacific Terminal Railroad of New 

Orleans - 10 

Texas & New Orleans Railroad.... 4,701 

Texas & Pacific Railway 1,956 

Third Avenue Railway Corporation 

Toledo, Peoria & Western Railroad 239 

Toledo Terminal Railroad 29 

Toledo & Western Railway 79 

Toronto, Hamilton & Buffalo Railway. Ill 

Toronto Terminals Railway .... 

Trinity & Brazos Valley Railway 

Twin City Rapid Transit Company 

Union Pacific Railroad 3,765 

Los Angeles & Salt Lake Railroad 1,230 

Oregon Short Line Railroad 2,539 

Oregon, Washingrton Railroad & Navigation Company 2,865 

Union Railway (Memphis) 18 

Union Railroad (Pittsburgh) 46 

United Railways & Electric Company 

Utah Railway Ill 

Virginian Railway 645 

Wabash Railway 2,524 

Washington, Idaho & Montana Railroad 50 

Washington Terminal Company 2 

Waterloo, Cedar Falls & Northern Railway 113 

Western Maryland Railroad 878 

Western Pacific Railroad 1,052 

Wheeling & Lake Erie Railroad 637 


Number of 
Members 
1 

26 

1 

54 

3 

1 

34 

1 

1 

13 

15 

1 

1 

1 

1 

1 


1 

16 

12 

1 

1 

3 
2 
1 

4 
2 
1 

34 

11 

11 

5 
2 
2 
1 
1 
7 

42 

1 

1 

1 

11 

4 

5 


(III) PUBLICATIONS 

The Monthly Bulletin. — The Bulletin is the medium through which 
the members are kept informed currently of the activities of the Association, 
its committees, and the contributions, in the form of monographs, contributed 
by members and others, on subjects pertinent to the objects of the Associa- 
tion. Ten numbers of the Bulletin are issued annually (April and May 
omitted) . 

The Proceedings. — The annual volume of Proceedings forms the 
permanent record of the activities of the Association. The volume contains 
the^ committee reports, the discussions thereon at the annual meeting, and the 
action taken. The thirty-one volumes published are a veritable encyclopedia 
of information on the Science of Railway Engineering. 

The^ Manual. — The “Manual of Recommended Practice for Railway 
Engineering” is the net remit of the Association's achievements for the 
past 30 years. It exemplifies in condensed form what the Association as 
a whole considers the best current practice for Railway Engineering and 
Mamtenance of Way Work. A copy of this indispensable publication should 
be in the library of every member of the Association. 
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In June of last year, at the request of Dr. Julius Klein, Assistant Secre- 
tary of the U. S. Department of Commerce, a copy of the current “Manual** 
of the American Railway Engineering Association was transmitted to the 
Commercial Attache at Bogota, Colombia, South America. The following 
letter of appreciation is of interest: 

“Several months ag'o you were kind enoug-h to send to 
me, at my cable rectuest, standards for railway equipment 
and accessories used by many of the American railways. 

These were presented to Dr. German Uribe Hoyos, at present 
Minister of Public Works. He is in favor of American rail- 
way materials and whenever possible specifies American 
standards. According: to several manufacturers’ agrents the 
adoption of the American standards has resulted in our ob- 
taining- an Increased share of the requirements. 

“Obviously, the quantities ordered since the standards 
arrived have been small. Surplus material carried over from 
the ‘peak days’ and forced economy broug:ht about by the 
economic crisis have been responsible for the sharp decline in 
orders. An improvement may take place late in 1931.” 

Track- Work Plans. — During the past twelve years, the Committee on 
Track, in cooperation with representatives of manufacturers, has prepared 
approximately 180 plans and specifications for frogs, switches, crossings 
and guard rails. This valuable material has been assembled in a looseleaf 
portfolio, printed on good quality bond paper, suitable for making blue- 
print copies. 

The use of these specifications and plans by railroads is in the direction 
of uniformity and of good practice, which in turn will ultimately be reflected 
in lower costs and prompt delivery. 

It would be decidedly advantageous to place a copy of this useful volume 
in the office of every railway officer concerned with trackwork, and par- 
ticularly in every engineering department drafting room. It represents a 
vast amount of painstaking labor over a period of years, and also involved 
a very considerable expense. 

Index of the Proceedings. — Last year, Frank R. Judd, Engineer of 
Buildings of the Illinois Central System, prepared for the use of his Com- 
pany a subject-index of the material in the annual volumes of the A.R.E.A. 
relating to ^‘Buildings,** This valuable compilation was so well done that 
other committees were requested to perform a similar service. Practically 
all committees have now responded, and it is planned to issue the various 
index chapters in future Bulletins- 

This subject-index will serve a temporary purpose as a useful adjunct 
to the Proceedings until the “General Index” is issued. The “General 
Index” will of course go into greater detail. 

Monographs. — Papers contributed by individual members and others 
during the year and published in the Bulletins were as follows : 

“Railroad Consolidation,'* by Charles Donnelly, President, Northern 
Pacific Railway (address delivered at Annual Dinner of the A.R.E,A., 
March 12, 1930). 

“The New Industrial Revolution,” by Prof. Gus. W. Dyer, Professor 
of Economics, Vanderbilt University (address delivered at Annual 
Dinner of the A.R.E.A,, March 12, 1930). 

“Endurance Properties of Some Special Rail Steels,*’ by John R. 
Freeman, Jr., and R. D. France, Metallurgists, Bureau of Standards. 

“The Estimating of Changes in Operating Costs,** by Maurice Cobum, 
Assistant Engineer, Pennsylvania Railroad. 

“Transportation,” by Major Mott Sawyer, Superintendent, Chicago, Mil- 
waukee, St. Paul & Pacific Railway (paper presented to World Engi- 
neering Congress, Tokyo, Japan, November 7, 1929). 

“The Electrification of the Cleveland Union Terminal,” by H. A. 
Currie, Electrical Engineer, New York Central Railroad (presented at 
t|ie Second Annual Session, Electrical Section, October 29, 1930). 
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Written Discussions. — The value of the Association’s work can be 
materially increased by the development of systematic and careful discussion 
of ^ its reports. For any given subject there are many members who have 
opinions and experience and who can supplement or constructively criticize 
Ae matter presented by a committee. The addition of such information 
increases the value of a committee report and of the published Proceedings, 
and in this way confers benefits on the engineering profession and the rail- 
way service in general. Written discussions are highly desirable and are 
valuable in proportion to their definiteness. 


(IV) FINANCES 

Exhibit A, on a following page, is a statement of receipts and disburse- 
ments for the calendar year 1930. By reference thereto it will be noted 
that notwithstanding the business depression during that period, we are 
fortunate in being able to show a comfortable margin of receipts over 
disbursements. 

There is also a report on the "Stresses in Railroad Track fund.” This 
fund was contributed by the various steel companies in this country and 
Camda to defray the expenditures of the Special Committee on Stresses 
in Railroad Track. In addition to above contributions, the American Rail- 
way Association is appropriating $8,000 per year towards this purpose. 

^ The General Balance Sheet shows the Association to be in sound finan- 
cial condition. 


(V) MISCELLANEOUS 

Laborato^ Investigation of Imperfections in Steel Rails.— In the 
early part of 1930, the Rail Committee presented a plan for laboratory experi- 
ments of imperfections in steel rails as rolled, to be carried out under the 
joint ^pervision of the Rail Committee and the Rail Manufacturers’ Tech- 
mcal Co^ittee. The progr^ and an estimate of the cost were outlined 
by the Chairman of the Rail Committee at the annual meeting of the 
Association in 1930. The plan was endorsed by the convention and ordered 
transmitted to the Board of Directors of the American Railway Association 
with the recommendation that favorable action be taken thereon. At the 
annual meeting of the American Railway Association on November 19 1930 
the Board of Directors authorized an appropriation of $25,000 per annum 
over a five-year period, with the understanding that Rail Manufacturers 
would contribute a similar amount to finance the undertaking. 

*1, 7?^ ^ conducted at the^ Engineering Experiment Station of 

^ University of Illinois, Urbana, Illinois, under the supervision of the 
following Joint Sub-Committee : 

Represenring the Rail Committee of the American Railway Engineering 
Association— ^rlSrimson, Vice-Chairman of the Joint Sub-Committee: C. B 
Bronson, E. E. Chapman, W. C. Cushing, G. J. Ray, A. F. Blaess, W. C. 
Barnes, 

Representing Rail Manufacturers — F. M. Wood, Chairman Joint Sub- 
Committee; L, S. Marsh, John Brunner, Dr. J. S. Unger, C. F. W. Rvs 
h-. r. Kenney. ’ *' ^ 

4: -Association's New Headquarters.— In April, 1930, the offices 

• removed to the 22d floor of the Buckingham Build- 

ing, 59 ^st Van Buren Street, Chicago. The A.R.E.A. leases the space 
required by it from the American Railway Association. The latter associa- 
tion has taken a long-term lease on the 22d and 23d floors of this newly 
constructed building. ^ 
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Amendment to Constitution. — A petition, signed by twenty-six 
Members was presented to the Board of Direction, proposing an amendment 
to the Constitution, relative to the requirements for membership. It was 
proposed to amend Article II, Section 2, Membership, by adding, at the 
end of the paragraph, the following wording: 

“In determining the eligibility of candidates to the grade of 
Member, graduation in an engineering school of recognized standing 
shall be considered as equivalent to three years of active practice, 
and the satisfactory completion of each year of work in such a 
school without graduation shall be considered as equivalent to one- 
half year of active practice.” 

The amendment was submitted to letter-ballot of the membership under 
date of June 1, 1930. The result of the letter-ballot was as follows: 


For the amendment 663 votes 

Against the amendment 51 votes 


A two-thirds majority having voted in favor of the amendment, it will 
become effective at the close of the annual meeting, March 11, 1931. 

Exceptional Committee-Service Records. — It is of interest to note 
that several members have served on committees for long periods. The files 
of the Association reveal the following interesting facts: 

E. E. R. Tratman, on Yards and Terminals Committee 32 years. 

W. C. Cushing, Chairman, Vice-Chairman and member of various com- 
mittees for 31 years. 

Thos. S. Stevens, on Signals and Interlocking Committee 31 years. 

A. H. Rudd, on Signals and Interlocking Committee 30 years. 

J. C. Mock, on Signals and Interlocking Committee 30 years. 

Henry Lehn, on Records and Accounts Committee 25 years. 

A. Montzheimer, Chairman, Vice-Chairman and member Yards and 
Terminals Committee 20 years. 

J. C. Irwin, Chairman, Vice-Chairman and member Committee on Uni- 
form General Contract Forms 22 years. 

C. A. Wilson, Vice-Chairman and member Committee on Uniform Gen- 
eral Contract Forms 22 years. 

Prof. C. Frank Allen, on Committee on Uniform General Contract Forms 
19 years. 

Dean F. E. Turneaure, on Committee on Iron and Steel Structures 23 
years. 

F. O. Dufour, on Iron and Steel Structures Committee 23 years. 

Albert Reichmann, on Iron and Steel Structures Committee 23 years. 

O. E. Selby, Chairman, Vice-Chairman and member of Committee on 

Iron and Steel Structures 18 years. 

B. R. Leffler, Chairman, Vice-Chairman and member of Committee on 
Iron and Steel Structures 16 years. 

W. D. Faucette, Chairman, Vice-Chairman and member of Committee 
on Uniform General Contract Forms 14 years. 

O. F. Dalatrom, Chairman and member of Committee on Iron and Steel 
Structures 10 years. 

A. F. Dorley, Chairman, Vice-Chairman and member of Committee on 
Water Service 13 years. 

Reporters for International Railway Congress Association. — Two 
members of the Association have been^ honored with appointment as_ “Re- 
porter” for the meeting of the International Railway Congress Association, 
to be held at Cairo, Egypt, in 1933 : Sidney Withington, Electrical Engineer, 
New York, New Haven & Hartford Railroad, to report on “Electrification 
of railways from an economical point of view ; selection of sites for generat- 
ing stations; choice of the kind of current; safety precautions, etc.”; and 
F. M. Thomson, District Engineer, Missouri-Kansas-Texas Lines, to report 
on “The use of mechanical appliances in the permanent way maintenance 
and in track relaying.” 

Acknowledgment. — In conclusion, it is the Secretary’s pleasant duty 
to acknowledge the loyal and efficient performance of duty by the office 
staff during ffie past year. 
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Exhibit A 

FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING 
DECEMBER 31, 1930 


Balance on hand January 1, 1930 $49,279.10 

RECEIPTS 

Membership Account 

Entrance Fees $ 1,360.00 

Dues 27,589.04 

Binding- Proceedings 2,256.00 

Badges 16.00 

Sales of Publications 

Proceedings 1,696.28 

Bulletins 1,569.69 

Manual 7,401.75 

Specifications 951.79 

Leaflets 613.46 

Advertising 

Publications 2,485.20 

Interest Atcount 

Investments 2,005.00 

Bank Balance 165.22 

Annual Meeting 

Sale of Dinner Tickets 4,525.00 

Miscellaneous 192.39 

American Railway Association 

Rail Investigations 9,7C)0.40 

Total $62,527^ 


DISBURSEMENTS 


Salaries 

Proceedings 

Bulletins 

Manual 

Stationery and Printing 

Rents, Light, etc 

Supplies 

Ei^ressage 

Postage * , 

Exchange ’ . 

Committee Expenses 

Officers* Expenses 

Aimual Meeting 

Refund Dues, etc 

Audit 

Pension (A. K. Shurtleff) 

Furniture 

Miscellaneous 

American Railway Association— Rail 

Total 

Excess of Receipts Over Disbursements. 


$ 8,239.92 

7,154.33 

12,273.49 

10,452.96 

1,525.51 

830.00 

515.31 

1,068.61 

981.39 

153.55 

157.05 

241.06 

5.621.48 

119.20 

200.00 

1,200.00 

188.80 

- 200.60 

Investigations 9,543.67 

$60,666.93 


Balance on hand December 31, 1930. , 
Consisting of 

Bonds at Cost 

Cash In National Bank of Republic 
Petty Cash Fund 


$40,785.89 

10,328.50 

25.00 

$51,139.39 


$ 1,860.29 
51,139 Ji9 
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REPORT OP THE TREASURER 


Balance on hand January 1, 1930 $49,279.10 

Receipts during 1930 $62,527.22 

Paid out on Audited Vouchers, 1930 60,666.93 

Excess of Receipts over Disbursements 1,860.29 

Balance on hand December 31, 1930 $51,139.39 

Consisting of : 

Bonds at Cost $40,785.89 

Cash in National Bank of Republic 10,328.50 

Petty Cash Fund 25.00 

$51,139.39 

STRESSES IN TRACK FUND 

Balance on hand January 1, 1930 $11,552.18 

Received from Interest during 1930 229.70 

Total $11,781.88 

Paid out on Audited Vouchers during 1930 2,745.43 

Balance of fund on hand December 31, 1930 $ 9,036.45 


The Securities listed above are in a safety deposit box of the National 
Bank of the Republic. 

Respectfully submitted, 

A. F. Blaess, 

Treasurer. 


I have made an audit of the accounts of the American Railway Engi- 
neering Association for the year ending December 31, 1930, and find them 
to be in accordance with the foregoing financial statements. 

Charles Campbell, 

Auditor. 


GENERAL BALANCE SHEET 
December 31, 1930 


Assets 1930 

Due from Members $ 3,400.02 

Due from Sale of Publications 439.75 

Due from Advertising 310.00 

Due from A.R.A. Rail Investigations 758.88 

Furniture and Fixtures 632.00 

Gold Badges 47.50 

Publications on Hand (estimated) 4,000.00 

Manual (1929) 5,712.49 

General Index 3,269.89 

Extensometers 500.00 

Investments (Cost) 40,785.89 

Interest on Investments (accrued) 257.20 

Cash in National Bank of the Republic 10,328.50 

Petty Cash Fund 25.00 

Total $70,467.12 

Liabilities 

Members’ Dues Paid in Advance $ 6,631.00 

Impact Test Fund (Electrified Railways) 


Advance Payments for 1929 Manual 

Advance Payments for Advertising 

Surplus 63,636.12 

Total $70,467.12 


1929 

$ 4,682.62 
364.65 

625.00 
974.51 
997.40 

51.25 

6,000.00 

11,837.49 

3,269.89 

500.00 
40,785.89 

257.20 

8,468,21 

25.00 

$78,839.11 


$ 6,545.00 
285,46 
10,406.46 
2,442.80 
20.00 
59,139.39 
$78,839.11 
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The President: — ^The next order of business is reports of the Secretary 
and Treasurer. The Secretary will please present his report. 

Secretary E. H. Fritch: — We have endeavored to present to you in brief 
form a record of the principal activities of your Association during the past 
year. Under the heading, ‘‘Committee-work,” you will note a brief synopsis 
of the essential subjects reported on by the respective committees. As usual, 
committees have performed their duties with commendable zeal and thorough- 
ness, and they are deserving of our thanks for their painstaking labors and 
the valuable contributions they have made. 

To an ever-increasing extent the Association is being invited to cooperate 
with kindred organizations in the consideration of matters of mutual interest. 
A list of the associations, societies and joint committees with which we main- 
tain cordial relations is given on page nine. From a review of the tables on 
pages ten, eleven and twelve, it will be noted that more than a third of the 
total membership of the Association participated actively in committee-work. 

It is to be regretted that we are obliged to record a slight loss in mem- 
bership instead of a gain during the preceding year. This condition may be 
attributed to the business depression prevailing in 1930. However, it is hoped 
and confidently expected to show a marked and substantial increase in mem- 
bership a year hence. Classification of the membership on page thirteen is in- 
teresting, in that it indicates that railway officers connected with departments 
other than the engineering branch of the railway service find it advantageous 
to be affiliated with the A.R.E.A. The list of deceased members includes four 
Charter Members. Of the original 300 members composing the “Charter Mem- 
bers” only sixty are now on our rolls, the remainder having passed on to their 
reward. 

It has just been brought to our attention that F. H. McGuigan, retired 
Vice-President of the Grand Trunk Railway System, a member of the first 
Board of Direction of the A.R.E.A., died on March 3, at the age of 81 years. 

The world-wide distribution of the membership is shown on page sixteen. 
That the A.R.EA. retains the good will and encouragement of railway man- 
agements to a marked degree is attested by the roster of Railway Executives 
whose affiliation we are privileged to record on page seventeen. 

The railways represented in the A.R.E.A., their mileage, and the number 
ot members on each road are shown in the table beginning on page eighteen. 

The publications of the Association, the Bulletin, the annual volume of 
Proceedings, and the Manual, are the mediums through which the Association 
promulgates its activities and actions. The Bulletin is the “Advance Agent,” 
the Proceedings constitute the permanent record of its activities and final 
action, and the Manual is an exemplification of what the Association considers 
the best current practice for Railway Engineering. 

The financial statements appended to the report indicate that the Association 
has come through the industrial depression in a satisfactory condition. 

The miscellaneous subjects refer to the joint investigation to be undertaken 
by the Rail Committee and rail manufacturers on imperfections in rail steel; 
result of the letter-ballot on the proposed amendment to the Constitution 
(relative to membership qualifications) ; and an interesting item of exceptional 
committee service records. 

At this point it is desired to add the names of five members who have 
rendered long and distinguished services on the Committee on Iron and Steel 
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Structures, ranging in terms from 24 years to 19 years, namely, Dean F. E. 
Tumeaure, O. E. Selby, Albert Reichmann, F. O. Dufour, B. R. Leffler. 

Then, appointment of Reporters to the International Railway Congress 
to be held in Cairo, Egypt, in 1933; and, finally, an acknowledgment of faith- 
lul and conscientious services rendered by the office staff during the past year. 

The report of the Treasurer, showing receipts and disbursements, and re- 
port on the stresses in track fund, is given on page 25. 

Mr. President, I desire to offer the following resolution: “Resolved, that 
the reports of the Secretary and of the Treasurer be approved.” 

Mr. Edwin F. Wendt (Consulting Engineer) : — second the motion. 

The President: — ^You have heard the motion. It has been seconded. Is 
there any discussion? If not, those in favor will please say “aye”; contrary, 
“no.” 

It is so ordered. 

The President: — We have, as you know, quite a long program, and while 
we have urged the systematic presentation of discussion, I feel that there is 
ample time for thorough discussion of our reports and the other business of the 
convention. 

We now come to the consideration of the reports of the Standing and 
Special Committees. The first report to be presented is that of the Special 
Committee on Standardization. The Committee will please come to the plat- 
form and the report will be presented by Mr. J. C. Irwin, Valuation Engineer 
of the Boston and Albany Railroad, the Chairman of the Committee. 

(For Report, see pp. 112-118). 

The President: — ^The Committee on Stresses in Railroad Track will please 
come to the platform. 

The Chair will appoint the following members as a committee of tellers to 
canvass the votes cast for officers for the ensuing year: B. B. Shaw, Chair- 
man; H. E. Silcox, C. M. Bardwell. 

The Secretary will turn over the ballots to the tellers who will canvass the 
vote and be prepared to report just before the end of the afternoon session. 

Dr. A. N. Talbot, Chairman of the Committee on Stresses in Railroad 
Track, will now present the report on this important subject. 

(For Report, see pp. 2 OS-2 06). 

The President: — ^Until I reached the Secretary’s office yesterday morning 
I had fully expected that we would have Mr. Aishton, President of the Amer- 
ican Railway Association, make a short address to us this morning, but 
on arriving at Mr. Fritch’s office I received the following letter: 

“My dear Mr. Brooke: Fate seems to be against me as was the case last 
year in preventing me from being with you at Chicago during the annual con- 
vention of the American Railway Engineering Association, Division IV — Engi- 
neering. There are important hearings at Washington during all of next week 
which I feel absolutely obliged to attend and which prevent my leaving the 
city. 

“I had hoped Mr. Gormley might be able to attend in my place but he 
has been obliged to go to Oregon to witness the concluding air brake test which 
will be under way during the week of March 8. I am ^erefore going to ask 
your indulgence to permit Mr. H. G, Taylor, Manager of Public Relations 
of the Car Service Division, to represent Mr. Gormley and myself at your 
meeting, and I am sending with him a message to your members, with the 
hope that you may be able to place him on your program sometime during the 
forenoon of March 10, as he is obliged to return to Washington at noon on 
that date. 
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“To you, Mr. President, to your committeemen and members, I send my 
keen regrets and best wishes and I trust that you may have a pleasant and 
profitable meeting.” 

Mr. Taylor is present and we should be glad indeed to hear from him at 
this time. I take pleasure in presenting Mr. Taylor (Applause) . 

Mr. H. G. Taylor; — Mr, President and Members of the Association: I 
can read in your faces evidences of your disappointment in the inability of 
Mr. Aishton to be here this morning, and likewise Mr. Gormley. I know that 
Mr. Aishton’s regret over his inability to be present was sincere. 

Of course it is always embarrassing to perform as a substitute. My posi- 
tion is illustrated by the incident in the Sunday school when they were pre- 
paring for the visit of the district superintendent. The teacher had been train- 
ing the members of the boys’ class to answer expected questions. Little Jimmie 
was to answer the question, “Who made you?” by saying, “God,” and another 
little boy was to answer with the phrase, “Out of the dust of the earth,” and 
so forth. 

The day came when the district superintendent arose and put the first 
question to the class, “WTio made you?” He waited a moment and then re- 
peated the question. There being no answer, the situation became a little 
embarrassing. Finally, one of the boys in the class said, “Mr. Superintendent, 
the little boy that God made is home with the measles.” 

The little boy that God made in this instance is not home with the measles, 
hiUt he is home all broken out with engagements and work which prevent his 
presence here at this time. 

If you will indulge me for just a personal word, I do appreciate the 
opportunity of appearing before a group of Engineers. I have always envied 
Engineers because while to most of us mortals is given that rare privilege of 
dreaming dreams and seeing visions, it always seemed to me that the Engineer 
could dream dreams and then make them come true. Out of the creative 
capacity of his mind and imagination he pictures many things and then has 
the rare privilege of not only tracing those things on a blueprint but seeing 
them realized later on in stone and mortar, in structures and roadway, and 
in seeing them become real contributions to human progress. Since research 
engineering has become the religion of industry, it seems to me that the Engi- 
neer is occupying a much broader and more important field than ever before 
in his history. 

Charles Kettering of General Motors says, you know, that it is the func- 
tion of the Research Engineer to make people dissatisfied with what they have. 
We will concede that in the last decade they have succeeded very admirably in 
discharging that function. Indeed, the developmnets of research in every line 
of industry crowd upon us with such rapidity that they bewilder and mystify 
us as we attempt to apply our knowledge to current problems. 

In no field has there been more marked evidence of this than in the trans- 
portation field. The Research Engineer with an insistent and irresistible urge 
has been developing new ideas, new means of transportation until today the 
country is crowded with new forms of transport that present problems, of in- 
tense interest and importance to all of us. 

So the Engineer in railroad service today probably has as many problems 
as ever before in the history of that form of transportation, and yet I iTnAgirtP> 
he welcomes them because without problems we would not need Engineers. 
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Now to the word that Mr. Aishton has sent. It was my privilege to hear 
him dictate these remarks, and as his eyes flashed and his finger thumped the 
desk I knew he visualized this audience, that he could see many of you, most 
of whom he knows personally, and that as he dictated these words he was 
in effect delivering them directly to you. I trust I may be able to transmit 
them without too much static or other interference. 

He says: “It is a good thing always for an individual, an organization 
or an association to take stock of itself. We are all too prone to get into 
a rut, to regard past precedent as our guide for the future, to display inertia 
about trying new experiments and all that kind of thing and, while adversity 
to all of us is a hard experience yet it has some compensations. Shakespeare, 
even in his day, very well said: 

‘Sweet are the uses of adversity, 

Which like the toad, ugly and venomous. 

Wears yet a precious jewel in his head; 

And this our life exempt from public haunt 

Finds tongues in trees, books in the running brooks. 

Sermons in stones and good in everything.’ 

“I am not at all sure, speaking about association matters, but that this 
is the time that we should take serious stock of what we are undertaking and 
determining whether it is on effective lines, and by effective lines I mean lines 
that produce a definite result, or whether there are not other fields to which 
we could to advantage direct our attention. 

“We are in a quickly changing world, particularly in the transportation 
field. In 1928 I made this statement, that there were three eras in the history 
of the railroads; first, the constructive period, the era of building, and expan- 
sion; second, the constrictive period of intense regulation, and I am not going 
into the reasons, causes for or objections, if there are any, to this regulation, 
but you all know what it was and what brought it about; and, third, thfe co- 
operative period, and this refers to the post-war period, particularly those 
years between 1923 and 1928 and, for that matter, is still progressing on the 
lines established in which movement voluntary associations like your owfi did 
a most valuable work. 

“Since I made the statement in 1928 (and this is not an origirial thought 
at a.11, simply quoting "v^hat a number of prominent failway officials had been 
saying), there is a fourth period developing. There is the period of expansion 
into new forms of transportation required by the growth aqd progress of busi- 
ness, and the necessity for the most economical distribution. This is brought 
to the fore by these new forms of transportation, and it is all represented in 
the one word ‘Coordinated.’ In other words, you have the four C’s represent- 
ing periods of railroad history: constructive, constrictive, cooperative and co- 
ordinated, and it is this to which I direct your attention, and that of the other 
Divisions and Sections of the American Railway Association to the end that 
no field for this coordination be left unexplored or undeveloped. 

“Never, in my judgment, has there been a time when there was more 
necessity for earnest and active study directed on lines that will thoroughly 
explore* analyze and dispose of any question that leads to greater econoiny in 
costs, to greater efficiency in service and to the greatest amount of coordmalion 
df all fofms of transportation, in a complete whole, thacn the present. If this 
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is accomplished the public may reap the benefits of service at the lowest cost 
possible, with equal opportunity for every form of transportation to prosper 
and without prosperous transportation companies the whole national machine 
is unable to properly function. 

“Some question, no doubt, has been raised in some of your minds as 
to the attitude of the railways toward this voluntary work. All that T can 
say about that is contained in the old saying, ‘By their fruits ye shall know 
them' which I believe is in the Good Book, although I am not entirely sure. 
This applies not only to individuals and corporations but also to voluntary 
associations. It is not the tree and its branches and all that kind of thing 
that tell the story. It is what the tree, by careful cultivation and by careful 
pruning, bears in the way of fruit. 

“In a time like the present when not only the railways but every line 
of industry has to readjust itself, I have indicated the advisability of: 

“1. Securing, at points where the least amount of time and travel will 
be consumed in getting to meetings, as large an attendance as possible of com- 
mittee members and others of the organization. 

“2. Confining the time of meetings, as nearly as is practicable, to the 
earnest consideration of these serious problems that lay before you, because if 
there ever was a time when conclusive action was needed on these things 
that lead to better service, greater economies, greater efficiencies and all that kind 
of thing, this is the moment. 

“I do not want you to feel that I am dealing with platitudes. I am deal- 
ing with a real live subject, a subject that is not only uppermost in the minds 
of the Railway Executives but also in the minds of the regulating bodies, and 
on the answer furnished is going to depend in a very large measure the future 
of the railways in the transportation scheme. 

“I am an optimist. Nobody can make me believe that the railroads of 
this country are not going to continue to be the main stay of transportation, 
nor that the American people, in the final analysis, are not going to be favora- 
bly disposed toward and assist in the solving of the problems we arc facing, 

“Now one word about the A.R.E.A. or Division IV, Engineering, of the 
American Railway Association, because the two arc synonymous. All you 
have to do is look at the Manual of your Association, containing the conclu- 
sions of your organization with respect to thousands of Railway Engineering 
questions. This is a veritable monument to the efficiency with which you have 
tackled and disposed of problems of every sort. 

“It is considered by all railroads as authoritative on the subject it covers. 
It is, in effect, the bible of the Railroad Engineering man. 

“I quote from the Foreword of the latest edition of the A.R.E.A. Manual: 

“ ‘This Manual is built upon, is validated by, and is the crystalliza- 
tion of 30 years of never-ceasing, recessless work of the Association through 
the perpetual investigations, studies, reports and recommendations of the Asso- 
ciation committees on subjects definitely and annually assigned in the Asso- 
ciation's outline of work by the Board of Direction. 

“ ‘The scope and quality of the work of the Association and the broad 
foundation upon which the Manual is built are revealed in general in the 
Constitution and in particular in the published Proceedings of the Association, 
now numbering 30 volumes, containing 30,000 pages of Committee reports and 
findings and Association conclusions and actions covering thirty years of highly 
concentrated work, there now being 23 Standing and four Special Committees 
composed of a total of 950 Committee members actively participating in com- 
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mittee-work. In addition, there is the unrecorded but large and invaluable 
work of the membership at large which collaborates definitely with the Com- 
mittees individually in the making of their investigations, studies and reports. 
Individually and collectively, these builders of the Manual are highly trained 
and widely experienced in the subject-matters covered by the Manual. The 
conclusions and recommended practice of the Manual of the American Rail- 
way Engineering Association are, therefore, authoritative and dependable 
cross-sections of the composite judgment of men who build, maintain and 
operate railways.’ 

“Obviously such a compendium of valuable information could be made 
available in no other way than through the activity of a railway association. 
No one in their right mind would question the value of such .activity. As 
President of the American Railway Association, with which ihe American 
Railway Engineering Association became allied some years ago, I would be the 
Last person on earth to wish to detract one iota from the efficiency and effec- 
tiveness of any of its component parts. It occurred to me that, while the 
railroads, along with other business, are experiencing what we all hope will be 
a soon-ended depression, the time was appropriate for any experiments which 
look toward economy. 

“I hope that what I may have said will leave this thought in your minds 
at to the attitude of the railways, which I am simply expressing for them, and 
that is it would be a misfortune for anything to be done that would jeopardize 
the valuable work which your Division and the other Divisions and Sections 
of the American Railway Association have been performing. Its very necessity 
insures a continuation of this work. 

“It is my prediction that the experiment your General Committee of Direc- 
tion has inaugurated this year, and the results that you obtain from your 
meeting here, will go a long way in determining in your own minds what is 
necessary in this respect in the future. The decision in that respect will rest 
'wdth the members, and I need not assure you that if in any way I can con- 
tribute to your work by suggested lines of action, by active personal assistance 
or otherwise, all you have to do is command me” (Applause). 

The President: — ^While we regret the circumstances which prevented Mr. 
Aishton from being here, I am sure we thoroughly appreciate the message which 
he sent and particularly in having it delivered so ably by Mr. Taylor. 

The Committee on Uniform General Contract Forms will please come to 
the platform. The Chair would especially urge that the newer and younger 
members of the Association participate actively in the discussions of the Com- 
mittees’ reports. 

As the years go on, they will be required to fill in the gaps which may 
occur in the ranks of the Association, and there is no better time than the 
present for them to get into this very important phase of Association work. 
I hope they will take this to heart and let us hear from them. 

This report will be presented by Mr. J. C. Irwin, its Chairman. 

(For Report, see pp. 107-111). 

(Vice-President J. V. Neubert in the Chair.) 

Vice-President J. V. Neubert: — ^The next Committee will be on Clearances. 
The report will be presented by the Chairman, Mr. A. R. Wilson, of the 
Pennsylvania Railroad. 

(For Report, see pp. 95-98). 
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Vice-President J. V. Neubert: — The next Committee is on Electricity. Will 
these gentlemen please come forward? 

While this Committee is coming forward, which I wish they would do 
promptl}^, I w^ish to invite you to take part in the discussion. I know we are 
on a very tight schedule, but the Chair wdll recognize if you are over- imposing 
rnd getting on the other Committee work, but please do not be backward, 
particularly the young fellows, in opening discussion. 

In the absence of the Chairman, Mr. Withington, the report will be pre- 
sented by Mr. Brumley. 

(For Report, see pp. 321-323). 


AFTERNOON SESSION 

The President: — The next Committee to report is that on Grade Crossings. 
The personnel wdll please come to the platform. 

The report will be presented by the Chairman, Mr, Frank Ringer. 

(For Report, see pp. 65-94). 

The President: — ^The Committee on Ballast will please come to the plat- 
form. This Committee’s report is found on page 99 of Bulletin 329 and will 
be presented by Mr. A. P. Crosley, the Chairman. 

(For Report, see pp. 99-106). 

The President: — The Committee on Ties will please come forward. This 
report will be presented by the Chairman, Mr. W. J. Burton. 

'(For Report see pp. 235-279). 

(Vice-President J. V. Neubert in the Chair). 

Vice-President J. V. Neubert:— The Committee on Wood Preservation will 
please come forward. The report will be presented by Mr. F. C. Shepherd, the 
Chairman of the Committee. 

(For Report, see pp. 281-312). 

Vice-President J. V. Neubert:— The hext Committee is Iron and Steel 
Structures. The report is contained in Bulletin 330, page 119. This report 
will be presented by Mr. A R, Wilson, of the Pennsylvania Railroad, Chairman 
of the Committee. 

(For Report, see pp. 119-134), 

Vice-President J. V. Neubert:— The’ next Committee is Wooden Bridges 
and Trestles, contained in Bulletin 332, page 313. Will the Committee please 
come forward ? The report will be presented by Mr. Austill, the Chairman. 

(For Report, see pp. 313-319). 

Vice-President J. V. Neubert: — ^Before I call the next Committee, I will 
ask Mr. Fritch, the Secretary, to give a report of the Tellers. 

The Secretary: — ^The report of the Tellers is as follows: 

We, the Committee of Tellers, report the following as the result of the 
count of the ballots: 


For President: 

L. W. Baldwin 
W. P. Wiltsee 
J. V. Neubert 


1474 votes 
1 vote 
1 vote 


For Vice-President : 
W. P. Wiltsee 
E. A. Hadley . 


1468 votes 
. . . 1 vote 
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For Secretary: 

E. H. Fritch 1471 votes 

For Treasurer : 

A. F. Blaess 145Q votes 

For Directors (Three to be elected) : 

E. A. Hadley 937 votes 

S. S. Roberts 715 votes 

T. T. Irving 604 votes 

A. R. Wilson 596 votes 

Dr. Hermann von Schrenk 444 votes 

J. C. Irwin 347 votes 

W. C. Barrett 324 votes 

C. H. Stein 225 votes 

F. R, Layng 224 votes 

J. A. Heaman 1 vote 

For Members Nominating Committee (Five to be elected) : 

C. W. Baldridge 1026 votes 

A. N. Reece 939 votes 

G. F. Hand 812 votes 

C. C. Williams 745 votes 

R. T. Scholes 720 votes 

E, M. Hastings 693 votes 

W, D. Simpson 623 votes 

W. G, Atwood 604 votes 

C. H. Tillett 573 votes 

S. T. Wagner 376 votes 

Scattering 7 votes 

(Signed) Committee of Tellers, 

By B. B, Shaw, Chairman. 

Vice-President J. V. Neubert: — The next Committee is the Committee on 
Maintenance of Way Work Equipment. Its report is contained in Bulletin 333, 
page 439. The report will be presented by Mr. C. R. Knowles, of the Illinois 
Central Railroad, Chairman of the Committee. 

(For Report, see pp. 439-481). 

TUESDAY EVENING SESSION 

The President: — I will ask the Committee on Yards and Terminals to come 
to the platform. The report will be presented by the Chairman of the Com- 
mittee, Mr. H. L. Ripley. 

(For Report, see pp, 207-220). 

The President: — ^The Committee on Shops and Locomotive Terminals will 
please come forward. The report of this Committee is found on page 483 of 
Bulletin 333. The report will be presented by the Chairman, Mr. L. P. Kim- 
ball. 

(For Report, see pp. 483-500). 

The President: — ^The Committee on Buildings will please come forward. 
Mr. A. L. Sparks, Chairman of the Committee, will present the report. 

(For Report, see pp. S47-60S). 
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The President: — ^The Committee on Roadway will please come to the 
platform. The report of this Committee is found on page 165, Bulletin 330. 
The report will be presented by the Chairman, Mr. C. W. Baldridge. 

(For Report, see pp. 165-192). 

WEDNESDAY, MARCH 11, 1931 
MORNING SESSION 

Vice-President J. V, Neubert: — ^Will the Committee on Signals and Inter- 
locing please come forward? The report is contained in Bulletin 334, and 
begins on page 627. The report will be presented by Mr. W. M. Post, 
Assistant Chief Signal Engineer, Pennsylvania Railroad, who is Chairman of 
the Committee. 

(For Report, see pp. 627—639). 

Vice-President J. V. Neubert: — ^Will the Committee on Rules and Organ- 
ization please come forward? This report is contained in Bulletin 330, page 
135. The report will be presented by Mr. E. H. Barnhart, Industrial Engi- 
neer, Baltimore & Ohio Railroad, Chairman of the Committee. 

(For Report, see pp. 135-149). 

Vice-President J. V. Neubert: — ^The next Committee report is that on 
Records and Accounts, contained in Bulletin 333, page 501. 

The report is presented to you by the Chairman, Mr. C. C. Haire, Auditor 
Capital Expenditures, Illinois Central System. 

(President G. D. Brooke assumed the Chair) 

The President: — ^We will now vary somewhat from the program to hear 
from the President of the American Society of Civil Engineers. The speaker 
had the very good fortune to start his engineering experience under a man 
from whom he could learn the highest ideals, the soundest engineering prin- 
ciples, steadfastness of purpose, and no misconception of the value of hard 
work. He is a member of this Association and while, because of conflicting 
engagements he has not been able to attend the recent sessions of this conven- 
tion, he has shown his great interest in the work by coming all the way from 
New York to speak to us this morning. 

You all know his record as well as I do; former Chief Engineer of the 
Erie Railroad; of the Baltimore and Ohio Railroad; member of the Council of 
National Defense, and now President of the American Society of Civil En- 
gineers. 

I take great pleasure in presenting Mr. Francis Lee Stuart. 

(The convention arose and applauded.) 

Mr. Francis Lee Stuart (President, American Society of Cicil Engineers) :— 

It is a pleasure to be here. Before I start my address I want to tell you some- 
thing about your President, George D. Brooke. 

He came to me from college and soon began to hang around our field 
offices at mght, helped in the office and showed other intelligent signs that his 
job was his Hfe interest. He has been doing that ever since in his quiet way 
He has been filling every position on his way up and has always been ready 
to take the next thinking job. He never was a flash in the pan, an accident, 
and he did not climb over the shoulders he should have supported. He moved 
surely, steadily, and richly deserves the advancements he has received. It is 
a great pleasure to me to have seen him grow. 
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It is a great pleasure to me as President of the American Society of Civil 
Engineers to express their interest in you and your Association’s work, and to 
wish you vigor and added power in your effort to make the American railway 
economics, practices and standards the best that Engineers can devise. 

We feel that your efforts are advancing the esteem in which your profes- 
sion of Civil Engineering is held, and we will be glad to help you and co- 
operate with you in any way possible. 

I became a member of the A.R.E.A. in its early stages and was a working 
member on committees until I made way for others, but I was so impressed 
with its possibilities to improve Railway Engineering that I, more than twenty 
years ago, prevailed upon the Erie Railroad, and afterwards the Baltimore & 
Ohio and other railroads, to send their men to its meetings and to pay their 
expenses. 

As I look back on what you have done, I think that money gives the 
best return per dollar expended by the railroads that I know of. It is very 
encouraging to note the wonderful effect the earnest work of the ARJE,A. 
men have had. They collectively have had the privilege to co-ordinate previous 
practices and with their contributions they have brought about the standardiz- 
ing of the best railroad practice, and the dissemination of such knowledge to 
every employee of every railroad in every part of the world; and it has made 
railroading in the lines so far covered by the A.R.EA. an art for Americans 
to be proud of. Every man who has done his part should feel rewarded by 
their accomplishment and be eager for further thinking as Engineers along 
the lines in which I hope to see you progress. 

There is today an urgent demand for dear thinking by you and men like 
you in upbuilding and advancing our country’s lagging prosperity. Individual 
reward for initiative and energetic effort has made our country great. This 
very incentive has been rewarded by such continued prosperity that the herd 
instinct and avarice of man has run wild with our judgment and greatly 
aggravated world conditions and brought on us all an unwarranted period of 
stress and strain. 

Unemployment of all classes runs into hundreds of thousands in various 
parts of the country and the Federal Government, State and Industry are 
jointly tr 3 dng to meet that situation, and the Engineers of the country as you 
know are daily doing their very important part in such wideflung efforts in 
the wholehearted and creditable way we have a right to expect. 

I just digress to tell you that early last fall one of the first decentralizing 
efforts of the Woods Committee was assisted by the appointment of 150 Engi- 
neers all over the United States who are members of the American Society of 
Civil Engineers. 

The urgent question for aU is what should be done to permanently im- 
prove these depressing conditions in this country and abroad. No one can 
give a full formula to prevent a recurrence of present troubles, but one of the 
most important and helpful forces for permanent recovery would be the dis- 
semination of knowledge with a display of the red lights of danger in such a 
forceful way that all must look and listen and heed, and thereby cause a 
voluntary regulation of the surpluses of mass production and also cause a 
diversification of efforts so as to meet the needs of our probable markets and 
to demand a political policy of reciprocity to broaden these markets. 
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Present conditions are distressing in these lines for the moment, but 
should improve quickly as our political diseases are cured and our internal 
and world affairs are modernized, and the experience may be of lasting benefit 
to all if it changes our mental slant as to our relations to world affairs and 
our permanent prosperity. 

All human beings of whatever race and nationality are created with menial 
possibilities and susceptible of degrees of education and ambition. Yet two- 
thirds of the population of the globe are living on a scale that should be of 
grave concern to our Twentieth Century civilization and are one of our un- 
avoidable responsibilities. 

In this country of ours with an abundance of the necessities of life and a 
surplus of the products of industry and the mentality to meet any worldwide 
competition in farm produce, industry and transportation, there is no excuse 
for an economic policy which permits five million men to be out of employ- 
ment, while two-thirds of the world needs and will want our wares for genera- 
tions to come for improving living conditions and by past experience must, 
in fact, have them or by stagnation be absorbed or perish. 

In the early stages of our industrial life, when education and immigration 
developed our chief consumers, a protective tariff probably speeded our 
progress, but the remedy now, I feel, is to call a halt on the present haphazard 
tariff policy and its financial fallacies and cause a scientific application of a 
worldwide distribution of properly regulated surpluses founded on a flexible 
scheme of world reciprocity and a co-ordinated flow of credit to prevent abuses, 

What is more, I believe reciprocity is as necessary a medium for the 
politically diseased abroad as it is for us, and that it would assist all in main- 
taining and improving our living standards. 

I feel sure that pioneering with Reciprocity, by which I mean give and 
take in trade, and pioneering with Education, by which I mean the spreading 
of the knowledge of the mental pleasures as well as the physical pleasures 
our standards of living afford, in those sections which compose two-thirds of 
the world which is lagging behind our civilization will help us towards per- 
manent relief. 


As to the local affairs and the railroad problems which confront us in 
our internal rektions with our own people you might help by bringing your 
powers for en^eering thought pr research to bear on such subjects as to the 
railroad s relation to other compeUtive means of transportation such as water 
service and truck and bus service and private automobile. 

f inherent limitations 

which Government aid or other efforts cannot keep out of the picture. It 
has but few pomts of production and distribution local to any particular canal 
ties tterfif ** Question and for all other business not local to such facili- 

the water 


“ the raUroad has the advantage of car access 

IboTwSI the two transfL co^ 

to tr. « water borne traffic en route to points not local 

road haul, has the advantage of store-door delivery to innumerably Ire 
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points of collections and delivery without the transfer to trucks at both ends 
as are required by rail service to the same points. 

Government subsidy of free roadbed for truck purposes can at best only 
lengthen the economical length of main line haul and cannot change the in- 
herent flexibility of the service which is the real competitive feature the rail- 
roads have to meet. With this in mind for at least ten years, Engineers have 
been urging the railroads to use containers and make store-door deliveries as a 
gradual transition to the time when they must operate the truck service them- 
selves where economically possible. 

The bus situation is a different matter and one of costs, and each route 
needs a careful comparative study of rates and facilities. Its disabilities, except 
for street traffic, are discomfort and waste of time mentally and safety risks 
of driver and factors beyond his control. 

Inasmuch as the public is entitled to and should have the cheapest and 
best means of transportation, which will do the country as a whole and the 
people the most good, these competitive means of transportation are entitled 
to their just places, but it must be remembered that our railroads are the 
heart arid the backborie of our daily traffic and must not be crippled by pre- 
ferred treatment at its expense, to water and truck which would be impotent 
to handle all our traffic or any considerable part of it and cannot take the 
place of the railroad’s service. 

Coming out to Chicago, I passed many trains with 4000 and 5000 tons 
behind orie engine, and I could not help but feel that it was a dangerous policy 
to gradually whittle away the revenues of such an agency, and we must stop 
it if we cari. 

While not at present serious, it seenis proper to call attention to the fact 
that not satisfied with expenditures for subsidies for actual building canals 
and river channels, which may or may not be wise, but often is used to bolster 
up political fences, by Congressional order such facilities are used for rate- 
making purposes, to drive business to use such water service, and the railroads 
are compelled to join in same and the revenues are being reduced by such 
diversion of its business; The artificial stimulants which will be used to 
create waterways activity are full of potential trouble and should be a matter 
of concern. 

It seems propfer to also state clearly that in addition to building free 
roadways out of taxes for trucks and buses, which may or may not pay their 
due share in taxes, our lawmaking bodies at present allow trucks to perform 
the services of common capriers without any of the regulations that the rail- 
roads as common carriers have to meet. By such lack of regulation the 
trucks can pick and choose their freight, and take it when and where they 
find it profitable and leave what they do not want to the railroads, all of 
which takes away more gross revenue from the railroads without resulting 
economies. 

The railroad facilities and lack of facilities are regulated by the Inter- 
state Commerce Commission and it is their duty to see that the railroads fur- 
nish all the transportation service that the whole country will need, so that the 
railroads are required to keep facilities and equipment necessary for a 100 per 
cent business while they are at times on account of such inroads estimated to 
be only getting 80 per cent of the business. 
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For example, Smith may use a truck doing a common carrier business 
without regulation five days in a week and the sixth, if there is too much 
snow, he may carry such freight to the railroad and if it was not handled 
properly and promptly, lodge a complaint with the regulative body. Likewise, 
Mrs. Brown may find it too cold in a bus doing a common carrier passenger 
business without regulation and the five-fifteen must carry enough coaches to 
give her a seat or she may request that the four-fifty be put back in their 
schedule. Even Smithtown and Brownsville could not use buses and trucks 
if they did not have the railroads to fall back on. 

I have taken the trouble to set this matter out in detail to show you what 
a mirthless joke it is for our own lawmakers to stand by while the regulatory- 
powers practically require the railroads to hold facilities and equipment to 
guarantee the service of the unregulated trucks and buses while such competi- 
tive service takes away possibly 10 per cent to 30 per cent of railroad revenue. 

The statement of the problem points to the answer. The truck is here to 
stay, and we will have to go into the truck and bus business to protect our 
interests, and you should be thinking it over. 

As to the private automobile, it is such a great civilizer and agency for 
improving living conditions that it is worth what it cost us; however, it has 
been a large factor in our unemployment situation and should be studied to 
prevent a recurrence. 

The opportunity for research in the railroad field is a fertile subject and 
should be pushed. We have a rate structure which has no simple, rational 
basis and should have a real scientific study made by a technical body and 
should be taken out of the mystery class. I feel the period of cheap grade 
reductions is about over and we must look to re-routing by consolidations for 
greater economies in that direction. We must also look to economies by re- 
ducing resistance of rolling stock and increase efficiency of fuel consumption. 

The views herein are my own and only of such value as they appeal to 
your minds and set in motion trains of thoughts which will find the truth and 
inure to the benefit of the railroad business, which is your life work. 

The National societies, such as the American Society of Civil Engineers, 
are for the purpose of helping all Engineers in their relation to each other and 
all the technical branches of the profession and to encourage a fellowship of 
men. They are what we make them and are the best tools we have for the 
purpose. They deserve every Engineer's support. 

Technical society records are their great collective contribution to coming 
generations and your part in such records as those of the A.R.E.A., which are 
probably the most useful to have in print for the subjects treated, will always 
be a satisfaction to you as you see the effect they have on the railroads of 
the future. 

In conclusion, let me repeat to you what I have said before: Technical 
societies and universities and libraries in a broader sense have been forming, 
developing and recording for posterity the educational thoughts and forces 
whidh have been advancing our civilization. 

These educational agencies have kept currently available our knowledge of 
Engineering which has prepared the way and enabled us and other Engineers 
to make advances in the art of living which will cause the present hundred 
years to be known in history as the Engineering Age. 
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The world at large, and even we, ourselves, have just begun to realize 
the growing importance of our professional place in the scheme of life as it is 
today. I believe that the influence of Engineering in the history of this age 
is so great that we can rightfully feel elation and encouragement as we move 
forward to meet the responsibilities of the future. 

(The audience arose and applauded.) 

The President: — want to express my keen personal appreciation for the 
kind references to me by Mr. Stuart, and the deep appreciation of this Associa- 
tion for his splendid, timely address to us. 

The Chairman of the Records and Accounts Committee will now present 
the report of that Committee. 

(For report, see pp. S01-S46). 

The President: — ^The Committee on Masonry will now come to the plat- 
form. Mr. C. P. Richardson, Engineer of Track Elevation, Chicago, Rock 
Island & Pacific Railway, Chairman of the Committee, will present the report. 

(For Report, see pp, 325-344). 

The President: — ^Will the Committee on Rivers and Harbors please come 
forward ? 

At this point in the program, while this Committee is assembling, we will 
give an opportunity to Mr. Haggard, who is in charge of the section of Civil 
Engineering Works Exhibit of “A Century of Progress” to make three minutes’ 
remarks. Mr. Haggard. 

Mr. Ashley P. Haggard (A Century of Progress)-: — ^Mr. President, Direc- 
tors, Members of the American Railway Engineering Association: — “A Century 
of Progress” wishes to express its appreciation for the courtesy of your Presi- 
dent in allowing our representative to have the honor of addressing your 
membership. 

“A Century of Progress” invites the American Railway Engineering Asso- 
ciation to meet with the members of staff individually or collectively, when 
convenient to do so, prior to the opening of the World’s Fair. 

“A Century of Progress” is the executive unit set up to carry out the 
recommendations of the National Research Council and the Science Advisory 
Committee. The recommendations cover every phase of human endeavor dur- 
ing the past century to be demonstrated in the World’s Fair to be opened 
here in Chicago on June 1, 1933, for 150 days. The National Research Council 
and the Science Advisory Committee with “A Century of Progress” will dis- 
play to the world the most magnificent display of the achievements of man- 
kind. 

Gentlemen, the set-up as far as the Engineering Section of “A Century of 
Progress,” as represented here to-day by myself, is as follows: Backing me 
is the Division of Applied Science and Industry with all its liaison with in- 
dividuals who can assist in industry to put on that branch of the show. Over 
and above them is the Department of Exhibits backed by the entire organiza- 
tion of “A Century of Progress” composed of 75 trustees of the City of Chi- 
cago, the most prominent and wealthy men in this section. Mr. Rufus Dawes 
hi the President of the organization. The organization of “A Century of 
Progress” is not for profit. 

Our staff, with the Science Advisory Committee of the National Research 
CouncH (which Council, by the way, is an effective organization formed for 
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the purpose of solving engineering scientific problems or whomsoever in the 
world it considers worthy. The first time it came into existence was at the 
request of Abraham Lincoln to solve the major problems and bring the Civil 
War to a close. The second time it came into existence was at the request 
of President Wilson to solve, and did solve, many of the problems that per- 
mitted us to end the World War. 

This organization, approached by our directorate of “A Century of 
Progress” through General Charles G. Dawes, our Ambassador to Great Britain, 
consented because of the scientific displays and the educational features that will 
be shown here in the World’s Fair, to advise “A Century of Progress” and 
suggest the scenario for this show. With the set-up which tomorrow could 
bring into existence over 8,000 of the most brilliant minds in the United States, 
there is no question about whether or not the World’s Fair will be held here 
in Chicago on June 1 in 1933. It will no doubt be the most magnificent edu- 
cational endeavor in the history of the world. It will give the scientist, the 
layman and the children the chance for the first time to see what has been 
achieved in the past century. It will show the last-minute results of invention 
and scientific endeavor, and then will proceed to show to the generation, that 
will be in command of the situation in the next c^tury, ways and means and 
necessary approaches for progress. 

If you gentlemen, before you leave the City of Chicago, can find time to 
visit “A Century of Progrea*^” at the Administration Bpilding set up in Burn- 
ham Park near Soldier Field, we would be pleased to meet you individua+ly or 
collectively. 

I wish to thank your President and this membership for allowing me to 
have the honor of addressing this meeting. Thank you. (Applause) 

The President: — ^Mr. E. A. Hadley, Chief Engineer, Missouri Pacific Rail- 
road, Vice-Chairman of the Committee, wifi present the report of that Com- 
mittee. 

(For Report, see pp 607-626). 

AFTERNOON SESSION 

The President: — ^The first report this afternoon is that of the Committee on 
Economics of Railway Location. Mr. F. R. Layng, Assistant Chief Engineer, 
Bessemer & Lake Erie Railroad, Chairman of the Committee, will present the 
report. 

(For Report, see pp. 221-234). 

The President: — ^The Committee on Economics of Railway Labor will 
please come forward. The report is found in Bulletin 330, page 193, and will 
be presented by Mr. F, M. Thomson, District Engineer, Missouri— Kansas— Te^g 
Lines, who is Chairman of the Committee. 

(For Report, see pp. 193-204). 

The President: The Committee on W^ater Service fl-nd Sanitation will 
please come forward. The report wiU be presented by the Chairman, Mr. R. 
C. Bardwell, Superintendent Water Supply, Chesapeake & Ohio Railway. 

(For Report, see pp. 399-438). 

The President: — The Com m ittee on Rail will please come forward. The 
report will be presented by Mr. Earl Stimson, Chief Engineer Maintenance, 
Baltimore & Ohio Railroad, who is Chairman of the Committee. 

(For Report, see pp. 345-^98). 
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The President: — ^The Committee on Track will please come to the platform. 
I shall ask Mr. Yager, Past-President, to take the Chair. 

(Past-President Louis Yager in the Chair.) 

Past-President Louis Yager: — ^You will find the report of this Committee 
in Bulletin 330, beginning on page 150. The report will be presented to you 
by Mr. J. V. Neubert, Chief Engineer Maintenance of Way, New York Cen- 
tral Railroad, who is Chairman of the Committee. 

(For Report, see pp. 150-164). I ! 

Past-President Louis Yager. — Will the Committee on Economics of Rail- 
way Operation please come forward? The report will be presented by Mr. 
J. E. Teal, Special Engineer Operation, Chesapeake & Ohio Railway, who is 
Chairman of the Committee. 

(For Report, see pp. 641-701). 

(President G. D. Brooke resumed the Chair.) 

The President: — Gentlemen, the presentation of Committee reports is now 
complete. The next thing before us is “New Business.” Is there any new 
business to come before the Association? 

The Secretary: — have a communication, Mr. President, from the United 
States Commission for the Celebration of the Two Hundredth Anniversary of 
the Birth of George Washington, signed by the Associate Director: 

“For the consideration of your organization at its forthcoming convention 
the United States Commission for the Celebration of the Two Hundredth An- 
niversary of the Birth of George Wasliington, requests your endorsement of Ae 
Celebration in 1932, and invites your moral support and cooperation in doing 
your share to make it all that it should be. 

“An account of the origin, purpose and plan of the commission is sub- 
mitted, together with the personnel, which is headed by the President of the 
United States. 

“The Commission is anxious to enlist the full collaboration of every or- 
ganization, business house, church, school and home in this great republic and 
id lelying upon the interest and support of your members, individually and 
collectively. In order that formal expression may be given your attitude in 
this matter, would it not be possible to secure passage by your organization of 
some such resolution as that enclosed.” 

The suggested resolution is as follows: 

“Whereas, The Congress of- the United States has created a Commission 
to arrange a fitting nation-wide observance of the Two Hundredth Anniver- 
sary of the Birth of George Washingtin in 1932; and 

“Whereas, The Commission so created, composed of the President of the 
United States, the Vice-President of the United States, the Speaker of the 
House of Representatives, four members of the United States Senate, four mem- 
bers of the House of Representatives, and eight citizens appointed by the Presi- 
dent of the United States, is charged with the duty of planning and directing 
the celebration; and 

“Whereas, The high purpose of the event is to commemorate the hfe, 
character and achievements of the most illustrious citizen of our Republic and 
to give every man, woman and child living under the Stars and Stripes an 
opportunity to take part in the celebration which will be outstanding in the 
world’s history; and , ^ 

“Whereas, The George Washington Bicentennial Commission, desiring the 
full cooperation of the people of the United States, has extended a most cordial 
and urgent invitation to our organization to participate in the celebration; 
therefore, be it 

*^Resolved, That the American Railway Engineering Association does 
hereby endorse the program of observance of the Two Hundredth Anniversary 
of the Birth of George WaShing^ton, to take place in 1932 ; accept with appre- 
ciation, the invitation of the George Washington Bicentennial Co mmis sion, and 
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pledge this organization to extend earnest cooperation to the United States 
Commission in all possible ways, so that future generations of American citi- 
zens may be inspired to live according to the example and precepts of \Afash- 
ington’s exalted life and character, and thus perpetuate the American Republic; 
and be it further 

^‘Resolved, That this resolution be incorporated in the official proceed- 
ings of this meeting and that a copy thereof be transmitted to the George 
Washington Bicentennial Commission, Washington, D. C.” 

The President: — ^You have heard the proposed resolution, gentlemen. What 
is your pleasure? 

Past-President D. J. Brumley: — move the adoption of the resolution 
which Mr. Fritch read. 

Past-President Louis Yager: — second the motion. 

The President: — ^Is there any discussion. If not, those in favor of the 
adoption will say “aye;” contrary, “no,” It is carried. 

Past-President D. J. Brumley: — ^I move the adoption of the following 
resolution: 

^^Resolvedj That the members of the American Railway Engineering Asso- 
ciation in convention assembled desire to place on record their hearty apprecia- 
tion of the most excellent manner in which this convention has been presided 
over by Mr. George D. Brooke, and for the efficient administration of the 
affairs of the Association during his occupancy of the presidential chair. 

^^Resolvedj That this resolution be spread upon the Minutes of the meet- 
ing and that a suitably engrossed copy be presented to Mr. Brooke.” 

Past-President Edwin F. Wendt : — 1 second the motion. 

Past-President D. J. Brumley: — ^You have heard the motion, which has 
been duly seconded. This question is not debatable. Those in favor of the 
motion will say, “aye.” There are no noes (Applause). 

The President: — Gentlemen, I thank you. 

Mr. C. J. Geyer (Chesapeake & Ohio) : — ^I have the following resolution 
to submit: 

^‘Resolved, By the American Railway Engineering Association, in conven- 
tion assembled, that its appreciative thanks are hereby extended to the National 
Railway Appliances Association for the interesting and instructive exhibit of 
railway devices and appliances; to the Palmer House and its management for 
the facilities afforded the Association.” 

The President: — You have heard the motion, gentlemen. Is there any 
discussion? If not, those in favor will say “aye;” contrary, “no.” The motion 
is carried. 

Mr. Frank Ringer (Missouri— Kansas— Texas Lines) : — ^I desire to move the 
adoption of the following resolution: 

‘^Resolved, By the American Railway Engineering Association, in conven- 
tion assembled, that its thanks are hereby extended to the chairman, vice- 
chairman and members of the several committees for their labors during the 
past year and for the valuable reports presented,” 

The President: — ^You have heard the motion, gentlemen. Is there any 
discussion? If not, those in favor will please say, “aye.” Contrary, “no.” 
It is carried. 

Mr. C. C. Cook (Baltimore & Ohio) : — ^I move adoption of the following 
resolution: 

“Resolved, By the American Railway Engineering Association, in conven- 
tion assembled, that its thanks are hereby extended to Mr. Francis Lee Stuart, 
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President of the American Society of Civil Engineers, for the very interesting 
and instructive address on the morning of March 11th, and for the ex- 
pressions of good-will to the members of the American Railway Engineering 
Association from the American Society of Civil Engineers, which the A.R.EA. 
fully reciprocates.” 

The President: — ^You have heard the resolution. Those in favor will 
please say, “aye.” Contrary, “no.” The motion is carried. 

Mr. Edwin F. Wendt (Consulting Engineer) : — ^Mr. President, I would ask 
that Mr. George J. Ray come forward. 

Mr. President, it is fitting that this Association pause a few moments in 
its proceedings in order to express its appreciation of the work which has been 
done by George J. Ray, who is about to graduate from the Board of Direction. 
He has served for eleven years in the positions of Director, Vice-President, 
President and Past-President. 

His graduation means a commencement of an even greater work in be- 
half of the Engineering profession. 

It is my pleasure in behalf of the Board of Direction and members of this 
Association to present to Mr. Ray a medal. On one side of the medal are 
four figures — ^Tinae, Industry, Ability and History, 

He has had Time to demonstrate Industry and Industry has crowned 
Ability and History has made a record of his achievements. 

On the opposite side of the medal are figures of two trees, the laurel and 
the oak, the one representing Honor, the other Strength. Beneath these trees 
appear the words, “Awarded to George J. Ray in recognition of his outstand- 
ing ability as a Railway Engineer, a Past-President of this organization.” 

Mr. Ray, it is one of the greatest pleasures of my life to present to you 
this medal in recognition of the honor in which you are held by the members 
of this Association. 

(The audience arose and applauded.)- 

Past-President G. J. Ray: — Mr. Wendt, Mr. President and fellow-members 
of the American Railway Engineering Association: — ^I want to assure you that 
this medal is appreciated very much. I only can say that whatever I may have 
done to help with the work of this Association is nothing compared with 
the benefit that I have personally received through my association with the 
fellow-members of the American Railway Engineering Association. I shall 
always cherish the memory of my connection as an officer and a member of this 
Association. I thank you most sincerely (Applause) . 

The President: — ^Are there any further resolutions to be offered? 

Mr. Mott Sawyer (Chicago, Milwaukee, St. Paul & Pacific) : — ^I wish to 
move the adoption of this resolution: 

“Resolved, By the American Railway Engineering Association, in conven- 
tion assembled that its thanks are hereby tendered to Mr. R. H. Aishton, 
President of the American Railway Association, for his courtesy in sending his 
representative, Mr. H. G. Taylor, with a message of encouragement from the 
American Railway Association on the morning of March 10th.” 

The President: — ^You have heard the resolution, gentlemen. Those in 
favor will please say “aye”; contrary, “no.” The motion is carried. Are 
there any further resolutions? 
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Mr. C. A. Knowles (Chesapeake & Ohio):— I desire to offer the following 
resolution: 

Resolved, By the American Railway Engineering Association, in conven- 
tion assembled, that its thanks are hereby extended to Secretary Fritch and- 
his staff for the efficient manner m which the affairs of the Association were 
conducted during the past year.” 

The President: — ^You have heard the motion, gentlemen. Those in favor 
will please say “aye”; contrary, “no.” The motion is carried. 

Any further resolutions? If not, I want to take this occasion, gentle- 
men, for the Association and for myself personally to thank the retiring 
Directors for the wholehearted support, the able assistance and the wonderful 
work they have done as members of the Board for this Association. 

I would also like, on my own behalf, to thank all of the officers of the 
Association, the Secretary and his staff, the Board of Direction, all the Chair- 
men of Committees, in fact every member of this Association, for the wonderful 
support they have given the officers and me personally during the past year. 

We have had to carry on part of the yearns work under unusual condi- 
tions, but the results are gratifying. The attendance at these sessions has been 
particularly good. I appreciate deeply your hearty support and cooperation. 

I thank you. 

Is there any further new business? If not, the Secretary will again an- 
nounce the result of the elections of officers for the ensuing year. 

The Secretar>": — The officers elected for the current year are: 

President: — L. W. Baldwin, President, Missouri Pacific Lines. (Applause) 

, First Vice-President : — ^J. V. Neubert, Chief Engineer Maintenance of Way, 
New York Central Railroad. (Applause) 

Second Vice-President : — ^W. P. Wiltsee, Chief Engineer, Norfolk & West- 
ern Railway. (Applause)- 

Secretary: — ^E. H. Fritch. (Applause) 

Treasurer: — A. F. Blaess, Chief Engineer, Illinois Central System. (Ap- 
plause) 

Three Directors: — ^E. A. Hadley, Chief Engineer, Missouri Pacific Railroad; 
S. S. Roberts, Assistant Director, Bureau of Finance, Interstate Commerce 
Commission; T. T. Irving, Chief Engineer, Canadian National Railways. 
(Applause) 

Five Members of the Nominating Committee: — C. W. Baldridge, Assist- 
ant Engineer, Atchison, Topeka & Santa Fe; A. N. Reece, Chief Engineer, 
Kansas City Southern; G. F. Hand, General Assistant Engineer, New York, 
New Haven & Hartford; C. C, Williams, Dean, College of Engineering, Uni- 
versity of Iowa; R. T. Scholes, Assistant to Chief Engineer, Chicago, Burling- 
ton & Quincy Railroad. (Applause) 

The President: — ^Mr. Baldwin, my two immediate predecessors have in- 
stituted the very appropriate custom of presenting to the incoming President 
a gavel as a memento of his tenure of this office. 

I hold here in my hand a gavel made of young hickory from the timber 
lands of Springhill Farm, Anne Anmdel County, Maryland. It was selected 
personally by Mrs. Cook, your sister, to whom and our mutual friend, Ralph 
Payne, I am indebted for procuring it. Of the same soil, of the same steady 
fiber as the Baldwins themselves, it gives me great pleasure to present it to 
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you and, with it, to turn over to you the Presidency of the American Railway 
Engineering Association. I congratulate you warmly, sir. 

CThe audience arose and applauded as President-Elect L. W- Baldwin 
assumed the Chair.) 

President-Elect L. W. Baldwin: — First, I should like to say to you, Mr. 
Brooke, that I hope any use of this hickory gavel will never sting as my 
memory recalls some of it did on the Springhill Farm in Arundel County, 
Maryland (Laughter and applause)-. 

Gentlemen, you have conferred upon me today an honor which I assure 
you is deeply appreciated. Knowing the responsibility, I should hesitate to 
accept this dignified position if I were not familiar with the excellent work 
that has been done and is being done by the officers, committees and member- 
ship of this Association. Knowing that Engineers have learned that applica- 
tion to work and intricate analysis of all subjects are necessary to success, and 
in appreciation of the cooperation you have given previous Presidents, it 
shall be my purpose to render every assistance to this Association, that it may 
go on, and with the hope and expectation that the w’ork will continue to be a 
credit to the railroads of this country and to the Engineering profession. 

I thank you. (Applause) 

Mr. Fritch tells me that Mr. Safford has some duty to perform. 

Past-President H. R. Safiord (Missouri Pacific) : — ^A few minutes ago this 
Association, by appropriate resolution, acknowledged and paid a tribute to the 
service which has just been given to us in the past year by our retiring Presi- 
dent, Mr. George D. Brooke. That resolution will be suitably engrossed and 
will be a permanent suggestion to him of our affectionate loyalty and the 
tribute to the service that he has given this body for many years. 

It would seem to be proper that we might supplement that expression by 
something of a more substantial nature, perhaps more appropriately represent- 
ing our feeling, 

Mr. Brooke has been an active man in this Association work for a long 
time. Those of us who have had the opportunity to attend many of these 
meetings have remembered his constant devotion to duty, his interest in the 
work, and the constructive service he has given throughout his association with 
this body. 

It becomes my pleasant duty to present to him from the Association an 
emblem which is an appropriate and typical gift. It suggests, as it is a 
receptacle that is. often used for sustenance, the fund of useful service he has al- 
ways given. I think of it more than merely a cup. I think of it as typifying 
the widow’s cruse which will always be filled with a loyal, constructive de- 
sire to serve. It will never be empty, I am sure, of that fund of effort which 
he has always given and always will give. 

Its brilliancy suggests the character of work which he has done. It sug- 
gests his mental processes. It affords me great pleasure to present it and I 
know I represent the views of this entire membership when I present to him 
this little token of our sincere appreciation. 

Mr. Brooke, this is given to you with all of the loyalty and affection that 
a body of men can have for one who has given so much to this body-work 
(Applause) . 
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Past-President G. D. Brooke: — Mr. Safford, Mr. President, and my 
Friends of the Association: Into the professional life of each one of us I 
perceive there come certain outstanding events, certain occasions of the high- 
est significance — occasions which may be counted as supreme. One such came 
to me a year ago when through your kind generosity I was made your Chief 
Executive Officer. Now you bring to me another such when through this 
indication of your regard you show me so well that my efforts during the 
past year have not been in vain. 

Gentlemen, from the bottom of my heart, I thank you (Applause). 

President L. W. Baldwin: — Gentlemen, if there is nothing more to come 
before the meeting, this convention stands adjourned. 

(The meeting adjourned sine die at five-five o’clock.) 


The Thirty-Second Annual Convention of the American Railway Engi- 
neering Association will be held at the Palmer House, Chicago, March IS, 16 
and 17, 1932. 


Secretary. 
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Committee. 


To the American Railway Engineering Association: 


Your Committee on Grade Crossings submits the following report : 

(1) Revision of Afanual (Appendix A). 

(2) Comparative merits of various types of grade crossing protection, 
collaborating with Committee X — Signals and Interlocking, the Safety Sec- 
tion, A.RA., and the Highway Research Board (Appendix B). 

(3) Economic aspects of grade crossing protection in lieu of grade 
separation (Appendix C). 

(4) Methods and forms for classifying highway crossings of railways 
and forms for recording and reporting highway and railway traffic over 
highway grade crossings, collaborating with Committee XI — Records and 
Accounts (Appendix D). 

(5) Alethods for developing and evaluating the relative benefits to the 
public and railways from grade crossing protection or elimination 
(Appendix E). 

(6) Provision which should be included in uniform statutes governing 
highway grade crossing protection or elimination (Appendix F). 

(7) Specifications for location, height and illumination of signs pro- 
tecting grade crossings, collaborating with Committee X — Signals and Inter- 
locking (Appendix G). 

(8) Classification and forms for recording and reporting highway 
grade crossing accidents with a view to determining the relative extent of 
contributory causes and merits of protective devices, collaborating with 
Committees X — Signals and Interlocking, XI — ^Records and Accounts, the 
Safety Section, A.R.A., and the Association of Railway Claim Agents 
(Appendix H). 


Bulletin 329, September, 1930. 
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Action Recommended 

(1) That the plans for highway crossing signs and signals, Fig. 1 to 13, 
inclusive, with accompanying directions, be approved and printed in the 
Manual in lieu of the directions and Fig. 3 to 8, inclusive, appearing on 
pages 660 to 666, inclusive, of the 1929 Manual (Appendix A). 

(2) That the report be received as information (Appendix B). 

(3) That the report be received as information (Appendix C). 

(4) That the report be received as information (Appendix D). 

(5) That the report be received as information and the conclusion 

be approved by the Association (Appendix E). 

(6) That the conclusions be approved by the Association and that 
the report be submitted to the A.R.A. Joint Committee on Grade Crossing 
Protection for further action by the American Railway Association 
(Appendix F). 

(7) That the report be received as information (Appendix G). 

(8) That the form be approved and printed in the Manual 
(Appendix H). 


Respectfully submitted, 

The Committee on Grade Crossings, 

Frank Ringer, Chairvian. 



Appendix A 


(1) REVISION OF MANUAL 

Frank Ringer, Chairman, Sub-Committee; H. E. Barlow, Bernard Blum, 

J. G. Brennan, H. E, Brink, V. Holmes, A. E. Korsell. 

The A.R.A. Joint Committee on Grade Crossing Protection, on which 
the Construction and Maintenance Section is represented by five members 
of Committee IX, took action on May 14, 1930, recommending the continued 
use of the present standard automatic flashing light and wigwag crossing 
signals, with the following changes and additions : 

Lights on every signal shall shine in both directions along the 
highway. 

^ Circuits shall be arranged so that crossing signals will operate 
until rear end of train reaches crossing, and then cease. 

Reflector Type 

Each crossing signal shall be equipped with a square sign with 
black background and white reflecting buttons, displaying the words 
‘‘Stop on Red Signal’’ toward highway traffic approaching the near 
side of the crossing. 

Or, when conditions warrant — 

Light Type 

Each crossing signal shall be equipped with an illuminated sign 
displaying the word “Stop” in red letters toward highway traffic 
approaching the near side of the crossing, only while the signal 
lights are flashing or wngwag swinging. 

Bell should be used on crossing signals only when required by 
public authority or local conditions. Bell should be arranged so as 
to ring while signal lights are flashing or wigwag swinging. 

The American Railway Association at Special Session held at Chicago 
on May 15, 193Q, adopted a resolution as follows : “Resolved that the recom- 
mendations relating to signs and signal devices be recommended as standard 
practice.” 

It was understood by the Joint Committee that the representatives of the 
A.R.E.A. and Signal Section would co-operate in preparing revised plans 
incorporating these recommendations and w'ould submit them for the approval 
of the A.R.E.A. and Signal Section with a view to their adoption by the 
A.R.A. as standard practice. 

The Committee and representatives of A.R.E.A. Committee X and of 
Committee XII of the Signal Section have prepared revised plans as shown 
in Fig. 1 to 13, inclusive, with accompanying directions. 

Fig. 1, Advance Warning Signs, is identical with Fig. 6, page 664, 1929 
Manual, with addition of directions. 

Fig. 2 is the Crossbuck .Sign, identical with Fig. 3, page 661, 1929 
Manual. No change in this plan is recommended. 

Fig. 3 to 6, inclusive, are for wigwag signal, Fig. 7 to 10, inclusive, 
for flashing light. Fig. 3, 4, 7 and 8 are designed for locations at side of 
highway, and Fig. 5, 6, 9 and 10 for locations in center of highway. 
The sign showing number of tracks has been added, as has the provision for 
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bell when required. The alternate reflector and light type stop signs are 
shown for each location. In addition to recommendations quoted above, the 
Joint Committee, at meeting May 14, 1930, recommended that each flashing 
light unit be equipped with background, and that the minimum vertical 
clearance of the flashing light units or wigwag disc be seven feet above the 
surface of the roadway, which features are incorporated in the plans. Other- 
wise the signals are similar to present standards, Fig. 4, 5 and 7, pages 662. 
663 and 665, 1929 Manual. 

The plan for center of road installation, Fig. 13, is a revision of Fig. 
8, page 666, 1929 Manual, to show provision for widening paving as recom- 
mended by the National Safety Conference. 


ADVANCE WARNING SIGN 



Fig. 1 


1. Letters and marking to be painted black on lemon yellow 
background. 

2. Height of Sign: Under ordinary conditions the center of 
the sign should be placed approximately three and one-half (354) 
feet above the crown of the pavement, or traveled way. On ascend- 
ing or descending grades, this height may ^ varied so that the 
rays from headlights may properly illuminate the sign. On city 
and village streets where the sign is used and where street lights 
furnish adequate illumination, signs should be placed with the lower 
edge not less than seven ( 7 ) feet above the gutter grade in order 
to clear parked cars. 

3. Lateral Distance: Signs should be erected so that the 
center is not less than five (S) nor more than seven (7) feet from 
.edge of surfacing on improved roads, except that where a raised 
curb exists they may be set as close as three (3) feet to the edge 
of the curb. On unimproved roads, including graded earth, and on 
narrow roads which may or may not be improved, it is difficult to 
establish a rule and the general principles of keeping them con- 
spicuous at right angles to traffic, and sufficiently removed from the 
traveled way to he reasonably safe from damage, should be observed. 
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HIGHWAY CROSSING SIGN 




note: 

PAINT BLADES WHITE WITH BLACK LET* 
TERSAND BORDER. 

LOCATE SIGHS ATSUCH POINTS AS WILL 
ADMIT OF THE BEST VIEW BY PERSONS 
APPROACHING THE CROSSING. 

BOARD INDICATING NUMBER OFTRACKS 
TO BE USED WHERE THERE ARE TWO 
OR MORE TRACKS. 

THE PLAN SHOWS THE SIGN MOUNTED 
ON A WOOD POST. WHEN A POST OF 
STEEL OR CONCRETE IS USED THE DI- 
MENSIONS OF THE POST SHOULD BE SUIT- 
ABLE TO THE MATERIAL EMPLOYED. 


^SURFACE OF HIGHWAY 


W LESS THAN 6' 


Fig. 2 



Minfmom Ctearance 
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Directions 

1 Signal light shall shine in both directions 
along the highv/ay 

2 Reflector sign shall display the words 
"STOP WHEN SWINGING” m white letters 
with white reflector lenses on black 
background toward highway traffic 
approaching the near side of the 
crossing 

3. Details not shown shall conform to 
A.R.A. Signal Section recommended 
practice 

4. Cross-buck shall be painted white 
With black letters on both sides 

5 Except as otherwise specified, mast 
and Signal shall be painted with white or 
aluminum paint. 



HIGHWAY CROSSING SIGNAL 

Wigwag Type 

Tor Location at Side of Highway 


Figure -3 




Minimum Clearance -f ; 4 -9"- 
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'..^Bellwhen required 



^See Figures 


Directions-- 

1 Signal light shall shine in both directions 
along the highway 

2 Illuminated sign shall display the word 
“STOP” in red letters toward highway 
traffic approaching the near side of the 
crossing only while wigwag is swinging 

3. Details not shown shall conform to A R A. 
Signal Section recommended practice 

4. Cross-buck shall be painted white 
with black letters on both Sides. 

5 Except as otherwise specified, mast 
and signal shall be painted with white or 
aluminum paint. 
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HIGHWAY CROSSING SIGNAL 

Wigwag Type 

F OR Location at Side: of Highway 


Tiourc-A 
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/2^BefI when required 



Directions:- 

1 Signal light shall shine in both directions along 
the highway 

a Reflector sign shall display the words '^STOP 
WHEN SWINGING” In white letters with white 
reflector lenses on black background toward highway 
traffic approaching the near side of the crossing. 

3 Details not shown shall conform to AR.A Signal 
Section reepmmended practice. 

4. Cross-buck shall be painted white with black 
letters on both sides 

5 Except as otherwise specified, mast and signal 
shall be painted with white or aluminum paint. 


p^See figure II. 


Yellow Caution Marker 
(May be a Light or 
Reflecting Sign) 
■0--H 



HIGHWAY CROSSING SIGNAL 

Wigwag Type 

r OR Location in Centcr or Highway 


Fioure-5 



Grade Crossings 


.'i^Bell when i 


T^See Figure 2. 



ecjuired 


Directions:-- 

1 Signal light shall shine m both directions 
along the highway. 

2. Illuminated sign shall display the word 
'^STOP*' in red letters toward highway 
traffic approaching the near side of the 
crossing only while wigwag is swinging. 

3 Details not shown shall conform to A.RA. 
Signal Section recommended practice. 

4. Cross-buck shal I be painted white 
with black letters on both sides. 

5. Except as otherwise specified, mast 
and signal shall be painted with white or 
aluminum paint. 


Yellow Caution Marker 
(May be a Light or 
Reflecting Sign). 


^ Level of Highway 


HIGHWAY CROSSING SIGNAL 

Wigwag Type 

For Location in Center or Highway 


Figure ^6 



7“0‘'M»nJmym Clearanc« — 
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/Bell when required 



[TO^gg|]^SeeF,gure 2. 


Direc+ions:- 

1 Flashing lights shall shine in both directions 
along the highway. 

2 Reflector sign shall display the words "STOP 
ON RED SI6NAL” in white letters with white 
reflector lenses on black background toward 
highway traffic approaching the near side of the 
crossing. 

3 Details not shown shall conform to A R A 
Signal Section recommended practice 

4. Cross-bock shall be painted white with 
black letters on both sides 

5. Except as otherwise specified, mas I- and 
signal shall be painted with white or aluminum 
paint. 


f TOP 
©GS 1^1© 
©ilcaaiL 


^ Background- 20"d!a 
‘-See Hgure 12 
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HIGHWAY CROSSING SIGNAL 

FLASHIN6 LI8HT TyPE 
liDR Location at Side of Hiohwav 

Figure -7 


7-0" Minimum Clearance 3-6" 
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. ^Bell when rec^uired 



See Figure 2. 


Dlrec+ions:- 

1. Flashing lights shall shine in both directions 
along the highway 

2. Illuminated sign shall display the word 
"STOP'’ in red letters toward highway traffic 
approaching the near side of the crossing only 
while signal lights arc flashing . 

3. Details not shown shall conform to A.R. A 
Signal Section recommended practice. 

4 Cross-buck shall be painted white with 
black letters on both sides. 

5. Except as otherwise specified, mast and 
signal shall be painted with white or aluminum 
paint. 


Background -20"dla 



HIGHWAY CROSSING SIGNAL 


Flashing Light Type 
For Location at Side of Highway 
ri6URE-8 



7-0* Mtnfmum Clearance 3-6- 
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Bell when required 


le Figure 2 


Directions 

L Flashing lights shall shine in both directions 
along the highway 

2. Reflector sign shall display the words "STOP 
ON RED SI6NAL” in white letters with white 
reflector lenses on black background toward 
highway traffic approaching the near side of 
the crossing 

3 Details not shown shall conform to A R A 
Signal Section recommended practice. 

4. Cross-buck shall be painted white with black 
letters on both sides 


TOP 
ii^ii i^ii ' 
iOiMAL 


5. Except as otherwise specified, mast and 
signal shall be painted with white or aluminum 
paint-. 

^Background 20’’d}a 


■-See Figure 12. 


/Shade 

/ Yellow Caution Marker 
(May beaUghto 
Reflecting Sign) 
I-W-) 



HIGHWAY CROSSING SIGNAL 
Flashins Lisht TVpe 
For Location in Center of Highway 
FI6URE-9 


7-0' Minimum Clearance 3-6' 
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Oirec+ions 

I Flashing ligMs shall shine in bo+h directions 
along the highway 

2. Illuminated sign shall display the word 
"STOP” in red letters toward highway traffic 
approaching the near side of the crossing only 
while Signal lights are f lashing . 

3 Details not shown shall conform to A R.A 
Signal Section recommended practice. 

4. Cross-buck shall be painted white with 
black letters on both sides. 

5. Except as otherwise specrfiQd, mast and 
signal shall be painted with white or aluminum 
paint 



HIGHWAY CROSSING SIGNAL 
Flashing Light TVpe 
For Location in Center of Highway 
FiSURE-IO 
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Direc+ions:- 

White le-f-fers on black back9round with white 
bordei — all dull finish. 

Reflector lenses -Crystal (colorless) rj' diameter. 


REFLECTOR LENS SIGN 

For Wigwag Type 
Hiohway Crossing Signal 


F IGURE - 1 1 



Directions •*- 

White letters on black background with white 
border -all dull -Finish. 

Reflector lenses -Crystal (colorless) 
diameter. 


REFLECTOR LENS SIGN 

For Flashing Light Type 
Hiohw'ay Crossing Signal 


Figure- IE 
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Figure -13 
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HIGHWAY CROSSING SIGNS AND SIGNALS 

(1) Advance warning sign, Fig. 1, to be placed as required by local 
conditions, not less than 200 feet (in cities not less than 100 feet), nor more 
than 450 feet from crossing. 

(2) Highway crossing sign, Fig. 2, to be used as required where manual 
or automatic protection is not provided. 

(3) At crossings on heavily traveled highways where conditions 
justify, either of the following standard visible warning signals should be 
installed : 

(a) Wigwag type — Fig. 3, 4, 5, 6. 

(b) Flashing light type — Fig. 7, 8, 9, 10 

(4) At crossings where wigwag or flashing light signals are used, 
one should be placed on each side of the track. In cities and towns where 
the street is of sufficient width, signals may be located in the center of 
the street — Fig, 5, 6, 9, 10, 13. 

(5) Circuits for automatic operation of wigwag or flashing light 
signals shall be arranged so that crossing signals wdll operate until rear 
of train reaches or clears crossing. 

(6) Bell should only be used on crossing signals when required by 
local conditions. Bell should be arranged so as to ring while signal lights are 
flashing or wigwag swinging. 


Recommendation 

The Committee recommends that the plans for Highway Crossing Signs 
and Signals, Fig. 1 to 13, inclusive, with accompanjdng directions, be 
adopted by the Association as recommended practice, to be substituted for 
directions, and Fig. 3 to 8, inclusive, appearing on pages 660 to 666, inclusive, 
in the 1929 Manual. 


Appendix B 

(2) COMPARATIVE MERITS OF VARIOUS TYPES OF 
GRADE CROSSING PROTECTION, COLLABORATING 
WITH COMMITTEE X— SIGNALS AND INTERLOCKING, 
THE SAFETY SECTION, A.R.A., AND THE HIGHWAY 
RESEARCH BOARD 

J. G. Brennan, Chairman, Sub-Committee; Bernard Blum, H. D. Blake, 
G. N. Edmondson, H. L. Engelhardt, P. M. Gault, Maro Johnson, W. C. 
Pinschmidt, L. J. Riegler, H. M. Shepard, Leroy Wyant. 

Following is a list of the various types of grade crossing protection 
given consideration by the Committee during the past year. They are 
briefly described from the claims of the manufacturers. 

(1) Safe-T-Bar Automatic Highway Grade Crossing Barrier of the 
Highway Guardian. — This is a gates-lights type of protection. It 
consists of a yielding barrier arm which can be controlled manually, 
semi-automatic, full automatic, or a combination of the three 
methods. 
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(2) The Lightning Flash Crossing Signal. — This is an automatic light 
which flashes a 5-ft. zigzag red light about SO times per minute 
as the train approaches. 

(3) Foard Safety Device. — This consists of lights, gates and ^ train 
control. This is a device which automatically stops trains if ob- 
struction is on the crossing after the gates have been lowered. 

(4) Yielding Barrier Gates. — ^Tliis is an automatic yielding barrier 
gate which rises and loAvcrs vertically on a horizontal plane. 

(5) Max Friedland Method. — This consists of gates, lights, bells and 
train control. An automatic train control device depending on 
the position of the crossing gates, which when once lowered can- 
not be raised until the train is clear of the crossing 

(6) The Standard Automatic Signal Gate. — This consists of gates, 
lights and bells. It is an automatic gate controlled by the ap- 
proaching train The lights flash and the bells ring a suitable 
interval before the gates are lowered. 

(7) O. Lr. Suenderhauf Method. — This consists of gates and lights. 
The gate is an automatic rigid gate which rises and lowers ver- 
tically on a horizontal plane. 

(S) The American Automatic Gate. — This consists of gates and lights. 
A rigid automatic gate which rises and lowers vertically on a 
horizontal plane. 

(9) The Hubbard Smoke Signal. — This is known also as the “Auto 
Highway Signal.’* It consists of a pipe post set in a concrete 
foundation. The post supports the operating mechanism consisting 
of a magazine to hold a supply of smoke flares, one of which is 
released and ignited by an electric spark, when approaching trains 
enter the highway crossing area. The .smoke is thrown across the 
highway. 

(10) Miner Super-Safety Gate and Signal System. — This operates 
automatically with the approach of a train. Warning is given 
through the medium of a siren which is immediately’- followed by 
a visible signal to highway traffic, which in turn is prevented 
from entering the danger zone by the lowering of a gate. Signals 
are also operated for the benefit of train crews by semaphore dis- 
play of a red signal until the approach of the train sets in motion 
the foregoing operation, which in turn opens the track by a signal 
for through movement of the train. 

(11) “Balagrav” Gate. — This device consists of gates, lights and siren. 
An automatic gate illuminated the full length by Neon gas light 
or electric bulbs. A shrill siren sounds as the train approaches. 

(12) Neon Signal Devices, Inc. — These are lighting signaLs by means 
of Neon tubing. 

(13) Automatic Crossing Gate. — This is a counterbalanced gate with 
very low power consumption. If the arm should come down on a 
vehicle the power to that arm is alternately reversed and applied 
until the obstruction is removed. If the arm is held down the 
power to that arm is shut off but restored automatically upon release. 
Impact cables parallel the arm, and when the arm in the barrier 
position if struck takes the barrier impact. The arms rotate hori- 
zontally if struck. The arms carry Ruby Flashing Lights, and a 
beam light which illuminates the arm while in operation. 

(14> Magnetic Wigwag. — This is a swinging banner with bell and 
red light controlled by the approaching train. 

(15) Locomotive Bell Device. — This is an audible warning controlled 
by the approaching train. 
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(16) National Safety Appliance. — This is a Two-Train Indicator, 
which gives visible and audible warning of other train or trains 
approaching the crossing after the first train has operated crossing 
protection. This is an auxiliary device used in conjunction with 
flashlight or wigwag. 

(17) Rotating Type Stop Signal, made by the Railroad Supply Com- 
pany and the Griswold Safety Signal Company. — This is a flashing 
type light signal in conjunction with a standard stop sign disc 
which displays the stop sign against highway traffic on the 
approach of a train. 

(18) Hoeschen Crossing Signal. — ^The Hoeschen Crossing Signal 
utilizes the deflection of rail to start and stop signal. It is equipped 
with locomotive bell and swinging signal blades. 

(19) Kahler Automatic Gate. — This is an automatic gate controlled 
by the approaching train. The gate is held clear by compressed 
air. The gate moves by gravity to stop position. 

(20) Highway Traffic Signals. — Highway Traffic Signals are used in 
some municipalities and are controlled by the approach of trains. 
The Boston & Albany Railroad has installed some of these signals 
near Mittineague Station on that railroad. The signals are operated 
by a railroad employee who is a uniformed policeman in the town 
as well. 


Recommendation 

The Committee recommends that the report be received as information. 


Appendix C 

(3) ECONOMIC ASPECTS OF GRADE CROSSING PROTEC- 
TION IN LIEU OF GRADE SEPARATION 

H. E. Barlow, Chairman, Sub- Committee ; F. D. Batchellor, H. D. Blake, 
Ray Henry, W. M. Jaekle, A. E. Korsell, G. P. Palmer, E. H. Roth, 
W. J. Towne, A. H. Utter. 

The Committee has received and compiled information as to cost of 
grade crossings and crossing protection based on replies to questionnaire 
received after last year’s report was issued. It is desirable to secure addi- 
tional data with a view to developing representative costs. 


Recommendation 

The Committee recommends this report be received as information. 
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Appendix D 

(4) METHODS AND FORMS FOR CLASSIFYING HIGHWAY 
CROSSINGS OF RAILWAYS AND FORMS FOR RECORD- 
ING AND REPORTING HIGHWAY AND RAILWAY 
TRAFFIC OVER HIGHWAY GRADE CROSSINGS, COL- 
LABORATING WITH COMMITTEE XI— RECORDS AND 
ACCOUNTS 

H. E. Brink, Chairman, S ub- Committee ; H D. Blake, J. E. Breen, S. N. 
Crowe, L. B. Curtiss, M. V. Holmes, S. A. Jordan, E. R. Lewis, H. TVl. 
Shepard, A. H. Utter, R. Walling. 


(a) 


. Railroad 
. Division 


OUTLINE FOR CLASSIFICATION OF HIGHWAY GRADE 
CROSSINGS 

Information should be obtained by field inspection and from records. It 
should be compiled on ground in tabular form which should be filled out, 
dated and certified as correct by the Engineer making the inspection. Infor- 
mation shall be compiled for all grade crossings of highways, local roads 
and streets by operating divisions serially in the order of mileposts. 

1- Milepost and tenths. 

2. Class of highway, local road or street as follows: 

Abbreviation Class 

F ■ A.P Federal Aid — Primary 

F'A.S Federal Aid — Secondary 

O.R Other Roads — State or County 

L-R. Local Road 

Street Street within limits of incorporated city, not 

maintained by state highway commis- 
sion. 

3. U.S. number of highway or street. 

4. State number of highway or street. 

5. Name of highway, road or street. 

6. Number of street car tracks. 

7- Number of main tracks crossed. 

8- Number, of. side and or spur tracks crossed, 

9. Tracks of other Railroads. 

10. Approximate angle of crossing. 

11. Cl^racter of highway alinement for 1000 feet each side of crossing. 

12. Kind of surface of highway, road or street, approaching the crossing : 

(a) Concrete or brick. 

(b) Bituminous macadam or bituminous concrete 

(c) Waterbound macadam, gravel, etc. 

(d) Earth. 
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13. Width of surface of highway, road or street, within 500 feet each side 
of crossing. 

14. Kind of surface of crossing : 

(a) Metal or metal and concrete. 

(b) Stone, concrete or brick. 

(c) Bituminous. 

(d) Crushed stone, gravel or slag. 

(e) Plank (wood). 

(f) Plank (concrete, bituminous, etc.). 

(g) Patented materials. 

(h) Earth. 

15. Length of surface of crossing, measured along center line of railroad. 

16. Visibility: 

(a) “Good” — Train or locomotive visible for at least one thou- 
sand feet each way along track from approaching vehicle 
within a distance of two hundred feet either way from 
crossing. 

(b) “Fair” — Train or locomotive visible for at least one thou- 
sand feet each way along track from approaching vehicle 
within a distance of one hundred feet either way from 
crossing. 

(c) “Restricted” — Other conditions. 

17 Approach highway grades (state whether ascending or descending). 

(a) “Easy” — Approximately level for 10 to 20 feet and thence 
not over S per cent. 

(b) “Medium” — ^Approximately level for 10 to 20 feet and 
thence 5 per cent to 10 per cent. 

(c) “Steep” — Approximately level for 10 to 20 feet and thence 
over 10 i>er cent. 

18. Maximum speed of passenger trains (mp.h.). 

19. Maximum speed of freight trains (m.p.h. ). 

20. Number of passenger trains per day (24 hours) (average for one 
month) . 

21. Number of freight trains per day (24 hours) (average for one month). 

22. Number of switching movements per day (24 hours) (average for one 
month). 

23. Highway traffic per day (24 hours). Show' number from representa- 
tive traffic count. 

24. Kind of protection, if any, other than standard highway crossing signs 
as follows: 

(a) Gates — ^With or without other protection. 

(b) Watchmen — Alone or with protection, other than gates. 

(c) Automatic gates. 

(d) Automatic signals — Visible — ^With or without audible 
feature. 

(e) Automatic signals — ^Audible only. 

25. Is, elimination of grade crossing feasible : 

(a) By relocation of highway — considering topography, property 
values and adjacent improvements at reasonable cost. 

(b) By separation of grade — considering topography, drainage, 
adjacent improvements and possible change in grade of 
highway or railroad at reasonable cost. 

(c) By vacation or closing and diversion of traffic to other 
crossing or crossings, considering the character and density 
of highway traffic and extent of inconvenience thereto. 

26. What percentage of highway traffic can be diverted by relocation. 

27. Total accidents at crossing for a period of past five years. 
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Summary 

Summarize for each class of highway to show number of crossings by 
operating divisions, states, and total, classified as follows : 

fa) Number of tracks crossed: 

(1) Crossing of single mam track only. 

(2) Crossing of double main track only. 

(3) Crossing of more than two main tracks only. 

(4) Crossing of single main track and one or more other 
tracks. 

(5) Crossing of double main track and one or more other 
tracks. 

(6) Crossing of more than two main tracks and one or more 
other tracks. 

(7) Crossing of tracks of other railroads. 

( b ) Kind of highway surface : 

(1) Concrete or brick. 

(2) Bituminous macadam or concrete 

(3) Waterbound macadam, gravel, etc. 

(4) Earth. 

fc) Kind of surface of crossing: 

(1) Metal or metal and concrete. 

(2) Stone, concrete or brick. 

(3) Bituminous. 

(4) Crushed stone, gravel or slag. 

(5) Plank (wood). 

(6) Plank (concrete, bituminous, etc.). 

(7) Patented materials. 

(8) Earth. 

(d) Visibility: 

(1) Good. 

(2) Fair. 

(3) Restricted. 

(e) Approach highway grade : 

(1) Easy. 

(2) Medium. ' 

(3) Steep. !, 

(f) Maximum train speed: 

(1) Slow, up to 20 m.p.h, 

(2) Aledium, 20 — 40 m.p.h. 

(3) Fast, over 40 m.p.h. 

(g) Kind of protection : 

(1) Gates. 

(2) Watchmen. 

(3) Automatic gates. i 

(4) Automatic signals — ^\dsible. 

(5) Automatic signals — ^audible only. 

(6) Crossing signs only. 

(h) Elimination or grade separation: 

(1) Elimination of crossing by relocation of highway, feasible. 

(2) Grade separation, feasible. 

(3) Closing of crossing and diversion of highway traffic to 
another crossing or crossings, feasible. 

(4) Reduction of highway traffic by relocation of highway. 

(5) Other crossings. 

(i) Totals. 

Recommendation 

It is recommended tliat this report be received as information, 
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(b) 


Railroad 


Division 


RFXORD OF RAILROAD AND HIGHWAY TRAFFIC OVER 
HIGHWAY GRADE CROSSINGS 

Information should be obtained by field inspection and from records. 
It should be compiled on ground in tabular form which should be filled out, 
dated and certified as correct by the Engineer making the inspection. Infor- 
mation shall be compiled for all grade crossings of highways, local roads 
and streets by operating divisions serialh' in the order of mileposts. 

1. Milepost and tenths. 

2. Name of highway, road or street. 

3. Location — nearest railroad station. 

4. Number of trains per day, divided between day time and night time. 

(a) Passenger Day Night Total 

(b) Freight Day Night Total 

(c) Switching movements Day Night Total 

(d) Total Day Night Total 

Note time of occupation by trains at the crossing. 

5. Maximum speed of trains m.p.h. 

(a) Passenger. 

(b) Freight. 

6. When do peak hours occur for railroad traffic, and what is its magnitude ? 


(a) Passenger Hours. . .Number. . .Hour .. .Number. . . 

(b) Freight Hour . . . Number. . . Hour . . . Number . . . 


(c ) Switching movements . Hour . . . Number . , . Hour . . . Number . . . 

7. Highway traffic per day, divided between day time (6:00 a.m. to 6:00 
p.m.) and night time (6:00 p.m. to 6-QO a.m.) from representative traffic 
count when available. 

(a) Pleasure automobiles Day Night Total 

(b ) Commercial automobiles . . . Day Night Total 

(c) Busses Day Night Total 

(d) Horse drawn vehicles Day Night Total 

(e) Motorcycles Day Night Total 

(f) Pedestrians Day ....Night Total 

(g) Miscellaneous (farm ma- 
chinery, steam shovels, etc.). Day Night Total 

(h) Totals Day Night Total 

8. When do peak hours occur for highway traffic, and what is its mag- 
nitude? 

(a) Pleasure automobiles Hour . , Number . . Hour . .Number . . 

(b) Commercial automobiles . . Hour . . Number . . Hour . . Number . . 

(c) Busses Hour .. Number. .Hour. .Number. . 

(d) Horse drawn vehicles Hour. . Number .. Hour . .Number. . 

(e) Motorcycles Hour . . Number . . Hour . .Number . . 

( f ) Pedestrians Hour . . Number . . Hour . .Number . . 

(g) Miscellaneous (farm ma- 
chinery, steam shovels, etc.) .Hour. .Number. .Hour. .Number. . 


Recommendation 

It is recommended that this form be received as information. 
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Appendix E 

(5) METHOD FOR DEVELOPING AND EVALUATING 
RELATIVE BENEFITS TO THE PUBLIC AND RAILWAYS 
FROM GRADE CROSSING PROTECTION OR ELIMINA- 
TION 

A. E. Korsell, Chairman, S ub- Committee ; R. W. Barnes, H. D. Blake, 
H. E. Brink, R. B. Kittredge, Ray Henry, G. L. Sitton, F J. Stimson. 
M. D. Thompson, C. E. Weaver. 

Relative benefits and divisions of cost of grade separation projects are 
generally determined by orders of commissions or agreements on basis of 
judgment in view of the circumstances in the individual case, or by arbi- 
trary percentages which are in some states fixed by law. The Committee, 
after further consideration, has been unable to develop and formulate a 
method for evaluating the relative benefits from grade crossing protection 
or elimination other than the principles previously formulated and printed 
in the Manual. So far as the Committee can learn no other method or 
formula has been developed or is in use. 

The cost of a grade crossing elimination or separation project has been 
defined as the difference between the appraised cost of improving the high- 
way with grades separated and the cost of such improvement with crossing 
at grade. 

A method has been published for determining the relative priority of 
highway grade crossings, for the purpose of programming grade crossing 
eliminations, on the basis of appraised cost or value of delays to highway 
traffic. It appears that as a general rule the risk of accident or hazard of 
operation of the highway and railway will vary approximately, other things 
being equal, with the volume of highway and railway traffic or approxi- 
mately with the delays to highway traffic. Another method has been pub- 
lished for determining such priority on the basis of relative hazards of 
operation. Such methods have the disadvantage that they depend partly upon 
arbitrary or assumed factors. None of these methods go directly to the 
question of evaluating relative benefits for the purpose of division of costs. 

The Third National Conference on Street and Highway Safety, held 
at Washington, D. C., May 27-29, 1930, adopted the following: 

'‘To facilitate prompt provision of more adequate protection 
of railway crossings there should be a fair division of costs of such 
protection as well as of elimination of obstruction to view and other 
hazards, and of maintenance of roadway between and adjacent to 
the tracks, following the principles which have been recognized in 
apportionment of costs of grade separations.” 

The increasing need for grade crossing protection is resulting primar- 
ily from tlie largely increasing volume of highway traffic and it is only 
reasonable and fair that the public should participate in the total costs of 
such protection, including installation, upkeep and operation. 

Conclusion 

It is the conclusion of the Committee that the principles as already 
adopted by the Association and as printed in the Manual embody the proper 
method for developing and evaluating relative benefits to the public and 
railways from grade crossing protection or elimination. 
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Appendix F 

(6) PROVISION WHICH SHOULD BE INCLUDED IN UNI- 
FORM STATUTES GOVERNING HIGHWAY GRADE 
CROSSING PROTECTION OR ELIMINATION 

Bernard Blum, Chairman, S ub- Committee ; H. E. Barlow, R. W. Barnes, 

C. W. Charleson, A. F. Dorley, F. S. Hales, A. G. Holt, L. J. Riegler, 

B. J. Simmons, W. J. Towne. 

Without legislative indication to the contrary, it has been contended 
that a railway company should carry roads over its right-of-way at a sep- 
arated grade when public safety demands. In recent years, the phenomenal 
development of motor traffic has so revolutionized conditions that the 
uncompensated duty of railways at common law must now be supplanted 
by fair and equitable apportionment through legislative enactment. 

A number of the states have had the wdsdom to provide statutes for 
this important problem. This recommendation has been adopted by each 
conference that has considered the subject. In 1926 the Hoover conference 
so voted tmanimouslJ^ 

Careful consideration will show that in the several Railroad Com- 
missions or corresponding regulatory state bodies there should be vested 
the authority not only to apportion the cost of grade separations but also 
to determine the necessity for new grade crossings and protection of same. 
It is fair to assume that a large proportion of the travel on the streets 
and highw^ays is no longer local in extent, but state wide and even interstate. 
While the local governing bodies are still charged with the policing of the 
highways in cities and towns even that has given way, in a large measure, to 
state highway patrols. 

The railroads have created no new or additional hazards at grade 
crossings. In general, growth in traffic has been met, not by increase in 
train miles, but by larger cars and longer train units. The increase in hazard 
is due to the enormous development in automobile traffic on the highways, 
including faster speed. It has frequently been argued that grade separations 
are economically justified in that the avoidance of stopping numerous auto- 
mobiles with the savings in gasoline, tire wear, brake bands, etc., together 
with saving in time would bring in a good return on the cost. This is a 
further reason why the public, which is benefited by such savings, should 
pay for such benefits. 

It appears almost axiomatic that the city, highway department, or 
other public body which requests the separation or installation of protective 
devices, being the plaintiff, is not in position to determine impartially a fair 
division of cost. The railroad commission, more than any other, is a dis- 
interested public body to be given quasi-judicial authority’ to hear evidence 
and best decide what should be done. They have engineering assistance and 
advice, and are best qualified to pass on the projects most in need of 
attention. 

The position that the entire expense of grade protection or separation 
should be borne by the railroads cannot be maintained. The burden of cost 
would ultimately be passed to the shippers and traveling public, neither 
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of whom might be benefited in the case in question. The communities are 
as much and generally more interested in the improvement than the railroad. 
The benefits flow directly to the community. The public is benefited by the 
expediting of traffic and hence should assume a substantial part of such 
cost. To leave the power to separate grades to local municipalities permits 
them to take an undue proportion of the revenue of railroads for themselves 
and leave little for separations in other portions of the state. A body 
familiar with the financial problems of the railroads should pass upon such 
questions. 

In the days of horsedrawn vehicles it was not considered that the high- 
ways were directly in competition with the railroads. Today a large share 
of the highway traffic that causes the demand for grade separation is taking 
away business that formerly went to the railroads, and if those directly 
benefited do not share in the cost, the remaining users of the railroads 
will pay for the improvement through an interest charge on the capital 
investment. 

While the apportionment of expense may properly vary under differ- 
ent circumstances, fairness dictates some broad divisions which should be 
incorporated in uniform statutes governing the matter. Arbitrary divisions, 
while a step in the right direction, are not always satisfactory. The element 
of benefits cannot be ignored although frequently an undue apportionment 
of benefit is charged to the railroads. The benefits that accrue to the 
political subdivisions of the state as well as to the general public must be 
recognized. 


Conclusions 


Statutes governing highway grade crossing protection or separation 
should include the folfowing provisions. (By ‘‘Railroad Commission,*^ as 
referred to, it is intended to designate the state regulatory body having 
control over railroads.) 

1. The Railroad Commission should have jurisdiction over crossing 
protection and grade separation projects on all public highways. 

2. The apportionment of expense for crossing protection and grade 
separation should be: 

(a) For highways forming part of the Federal Aid System, 
^tween Federal Aid, the Highway Department and the 
Railroad. 

(b) For county highways, between the County, the State and 
the Railroad. 

(c) For city streets, between the City, the County, the State 
and the Railroad. 

3. The Railroad Commission should be authorized and required to pre- 
scribe uniform warning signs for use at grade crossings. 

4. ^ No new grade crossings should be constructed except on order of 
the Railroad Commission following a hearing. 

5. The Railroad Commission should be empowered to designate “Stop” 
crossings and the statutes should provide for the creation of same and 
penalties for failure to stop at such designated crossings. 
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6. No grade separation project and no new overgrade or undergrade 
crossing should be constructed except with the appro\'al of the Railroad 
Commission. 

7. The Railroad Commission should prescribe the physical character- 
istics for new crossings with respect to approach grades, width of approaches 
and planking, etc. 

8. State Highway Departments, Counties and Municipalities should be 
empowered to negotiate grade separation projects or new crossing projects 
involving under or overhead structures, with Railroad Companies, subject 
to approval of the Railroad Commission. 

Recommendation 

The Committe erecommends that the Conclusions be approved by the 
Association and that the report be submitted to the A.R.A. Joint Com- 
mittee on Grade Crossing Protection for further action by the American 
Railway Association. 


Appendix G 

(7) SPECIFICATIONS FOR LOCATION, HEIGHT AND 
ILLUMINATION OF SIGNS PROTECTING GRADE 
CROSSINGS, COLLABORATING WITH COMMITTEE X— 
SIGNALS AND INTERLOCKING 

J. G. Brennan, Chairman, Sub-Committee; Bernard Blum, H. D. Blake, 
G. N. Edmondson, PI. L. Engelhardt, P. M. Gault, Maro Johnson, 
W. C. Pinschmidt, L. J. Riegler, H. M. Shepard, Leroy Wyant. 

Illumination of the advance warning sign should be effected by the use 
of crystal (colorless) reflector button lenses eleven-sixteenths (H) inch 
in diameter set in the letters “RR.” 

Illumination of the Highway Crossing Sign (Crossbuck Sign) shall be 
effected by the use of crystal (colorless) reflector button lenses eleven- 
sixteenths (fi) inch in diameter set in the letters of the words “RAIL- 
ROAD CROSSING.” 


Recommendation 


It is recommended that this report be received as information. 



G r a de Crossings 


€)■> 


Appendix H 

(8) CLASSIFICATION AND FORMS FOR RECORDING AND 
REPORTING HIGHWAY GRADE CROSSING ACCIDENTS 
WITH A VIEW TO DETERMINING THE RELATIVE 
EXTENT OF CONTRIBUTORY CAUSES AND MERITS OF 
PROTECTIVE DEVICES, COLLABORATING WITH COM- 
MITTEES X— SIGNALS AND INTERLOCKING, XI— 
RECORDS AND ACCOUNTS, THE SAFETY SECTION, 
A.R.A., AND THE ASSOCIATION OF RAILWAY CLAIM 
AGENTS 

^f. V. Holmes, Chairman, S ub- Committee ; F. D. Batchellor, J. E. Breen, 
H. L. Engelhardt, P. M. Gault, Maro Johnson, E. R. I-ewis, E. H. 
Roth, Leroy Wyant. 

This Sub-Committee has carried forward the work begun in 1929 and 
as the result of two joint meetings with the Safety Section, A.R.A., and 
Association of Railway Qaim Agents, the accompanying form (Fig. 1 
and 2) has been agreed upon as suited to the purposes of the three organ- 
izations. Collaboration with Committee XI was carried on by cor- 
respondence. 

The form proposed is about as brief as it can be made and still 
collect the information desired. It could be enlarged considerably but this 
is not recommended as the brevity will contribute a large part to its success- 
ful use. Various states now are demanding surveys of existing grade 
crossings and it appears to be only a question of time until all roads will 
maintain a file showing physical characteristics of grade crossings. Such a 
file will assist in the compilation of data on the recommended form. 


Recommendation 

The Committee recommends the adoption of this form as recommended 
practice. 



Grade Crossings 


93 


Serial No 


File No 


. __ Railroad 


TIME 

PLACE 


HIGHWAY GROSSING ACCIDENT REPORT 

OPERATING DIVISION 


(1) Datei- 


. (2) Time— 


(3) Oayli£bL_ 


. /<> Darlt_ 


. (?) Nearest Station 


. (8) £i!iitauca-illr.2cf'(.n trua ateticQ 


(IX) Kind of train— 
(14) No. at cars 


- (9) Name of eroeslng 


ilOJ Nearest Mile Poet No _ 


Morement at train (16) forward— 


. (13) Engine No _ 


. (1C) backward — 


. (IS) Sneed of train— 


nph (19) Distance from crnisinE to place wbere eoslne stopped 


—feet (20) Waa train derailed'. 


Track on whicli accident occurred (21) main — 

other (26) atralght (26) curved 

grade—— (30) No of tracks at crossing— 


. (31) How many Intervening tracks did traveler pasa^ 


CROSSING 


(32) State Road (33) Coi 

Angle of driver's apBroacb to crossing with reference to train* (37) right (38 

Hlghwaj approach Is (40) straight (41) curved (42) level 


. (36) street 

ite (39) obtuse 

_ (43) upgrade 


(44) downgrade- 
(47) poor 


. (IS) Material of highway approach 

(48) Total width of highway i 


, Condition (46) good 


(60) Width Of traveled highway over tracks 

(62) Condition good—— (S3) poor-. - (54) Surface of crossing Is level— — 

feet from nearest rail (66) Did highway parallel track -within lOU feet of crossing*—— (5b) Proximity 
and Importance of adjacent eroBaln gg . — ■ .. ■ . 


CROSSING (57) Advance warning signs 

PROTECTION (60) watchman (61) gate 


DRIVER'S 

VIEW 


(65) Designated stop signs — 


(38) Highway pavement HR markings 

(62) wigwag (61) flasherllght. 

. (66) other Location of signal devlLe 


employes— 
(vutc limits) 


(68) centre of road — 
i72) dtvltea 


. (69) right — ^left side of road 1 70) overhead — — 

iperly function' (73) Are hours of prutecclon limited’ 


(59) crossing signs 

(64) bell 

(67) which side at track 
lead — - Did (71) 


WARNINGS 


„ (75) where terminated 
wind carry sound (78) toward 


) tngtne whistle blown— 
. (79) away from 


(SO) Headlight burning (SDdIm (82) bright — 

whistle (84) Did he (96) What oUicr warnings given traveler. 


(83) Could dreman sound alarm 


(Vws (Sb) driver (87) other peisons in vehicle famil'a*- with crossing* (88) Name of driver 

Age (89) Name of owner 

(90) What, if anything, did the driver say at time of accident aa to cause* 


(ill) Was view unobstruvtod within 100 feet of track- 

from croaaing how far could train be seen* 

obstruction and diatance from track 

(97) What, lUyion auto, limited alUcvlew'' 


. (92) Within 50 feet— 
. 04) At fifty ffcct 


(93) At 100 feet 
(96) Name 


, (96) Removable from Co property* 


08) Waa windshield obstructed*. 


(over) 

(Fig. 1) 
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V£HICI«E iS'iJ liirection bound Vehicle nnproached from side of (lOUj enElneman (lOt) Are 

man (103) Speed of vehicle approaching crosains mph (103) Did vehicle overtake moving 

or standing vehicles within 200 feet of crossing* (104) Did vehicle stall on track* how long 

Cause - , (lUS) Was vehicle transporting inflammables, exploalvos, 

etc* Vehicle ran Into (IOC) engine (107) car from engine Kind of vehicle 

(108) passenger closed (109) open (110) bus (111) truck (113) other 

Were vehicle (113) brakes (114) equipment defective* (115) Rated passenger capacity of ve 

hide (116) No of persona in It (117) Were vehicle headlights burulngT 


CASUALTIES 


Clafslfluitlon 


(118) 

( 120 ) 

( 122 ) 

(124) 

( 120 ) 

(128) 

(130) 


Driver 

Passenger In vehicle 
Other Person . 

Passenger on train 
Employe on train... 

Other Persons on train .. 

Other R R employe 
*Thi8 all] cover casualties t 
company property. 

(132) Whs company property (gates, etc) (133) equipment damaged* 

(135) Average number of trains over crossing dally (130) Average number of vehicles over crousing 


NUMBER OF PERSONS 
KILLED 

(118) 

(131) 

(123) 

(126) 

(127) 

(180) 
•(181) 


INJURKD 


0 employes on duty due to vehicle striking employes but having no cuutacc y 

. (134) Cost I 


. (137) Constructive suggestions 


(138) Identifying numbers of other accidents at this crossing. 


REMARKS; 

Symbols for 
signal termination 
(77) Whistle 
(76) Bell 
At Crossing 
Within 100' of Crossing 
Within 600' of CroMSlng 
Within 1000' of Crossing 

REPORT SUBMITTED BY 


Logoi Inn. 

Tin * 

Each detaU Is Important for study purposes Where nature of quesUon permlU, answer should be Yea or No. 


Symbols for 
(5) Weather 

(A) Fair 

(B) aoudy (A) 

(C) Fog (B) 

(D) Rain (C) 

(E) Snow (D) 


(Vie, 9 ) 



REPORT OF SPECIAL COMMITTEE ON 
CLEARANCES 


A. R. Wilson, Iron and Steel 
Structures (Chairman) ; 

C. W. Baldridge, Roadway; 

J. V. Neubert, Track; 

A. L. Sparks, Buildings; 

H. Au STILL, Wooden Bridges and 
Trestles ; 

C P. Richardson, Masonry; 

Frank Ringer, Grade Crossings; 

W. M. Post, Signals and Inter- 
locking ; 

E. H. Barnhart, Rules and Or- 
ganization ; 


R. C. Bardwell, Water Service 
and Sanitation; 

H. L. Riplev, Yards and Ter- 
minals ; 

H. M. Bassett, Electricity; 

L. P. Kimball, Shops and Loco- 
motive Terminals; 

J. E. Armstrong, Assistant Chief 
Engineer, Canadian Pacific 
Railway (representing Canad- 
ian Practice) ; 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully submits the following as its report. 

Clearance diagram for Bridges and Tunnels — Fig. 1. 

Clearance diagram for Buildings and Sheds — ^Fig. 2. 

Clearance diagram for Warehouse and Enginehouse Doors — ^Fig. 3. 

Clearance diagram for Platforms — Fig. 4. 

(a) The clearances on straight track shall not be less than 
those shown. 

(b) On curved track the clearances shall be increased to allow 
for the overhang and the tilting of a car 80 ft. long, 60 ft. 
between centers of trucks and 14 ft. high. 

(c) The superelevation of the outer rail being in accordance 
with the recommended practice of the American Railway 
Engineering Association. 

(d) The distance from top of rail to top of ties shall be 
taken as 8 inches. 

(e) Legal requirements to govern when in excess of dimen- 
sions shown. 

The information contained in this report pertaining to Buildings, etc., 
as shown in Fig. 2, 3 and 4 was developed by Committee VI — Buildings. 

As to assignment covering clearances as affected by half through inter- 
track girders and other structures ; representatives of this Committee and the 
Car Construction Committee — ^A.R.A. have issued a questionnaire covering 
the outline of a proposed standard box car, information covering which 
when received will enable your Committee to more intelligently prepare 
the diagram as covered by this assignment. As the replies to the question- 
naire are incomplete, this subject will not be reported at this time. 


Action Recommended 

That the clearance diagrams, Fig. 1, 2, 3 and 4, and paragraphs a, 
b, c, d and e be approved and the revisions substituted for the present 
recommendation in the Manual. 


Respectfully submitted, 

The Special Committee on Clearances, 

A. R. Wilson, Chairman. 
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Clearance Diaqram 

For 

Bridges Tunnels 



riGURE I 
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Clearance Diagram 

roK 

Buildings ^ojhzds 



Figure Z 
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Clearance. Diagram 

Fo/? 

Warehouse Engine House Door5 






RKPORT OF COMMITTBE II — BALLAST 


A. P. Crosley, Chair^nan; 

G. G. Amory, 

G- J. Bell, 

O. P, Chamberlain, 

H. B. Christianson, 

W. E. Collabay, 

C. J. Coon, 

R. C. Dunlay, 

M. I. Dunn, 

W. L. Foster, 

A. T. Goldbeck, 

Daniel Hubbard, 

A. A. Johnson, 

W. C. Kegler, 

A. D. Kennedy, 


C. E. Dare, Vice-Chairman; 

S. H. Osborne, 

W. W. Patchell, 

H. M. Righter, 

P. T. Robinson, 
vV. A. Roderic*-. 

E. I.- Rogers, 

S. A. Seely. 

J. A. Snyder, 

C. B. Stanton, 

J. W. Stone, 

H. E. Tyrrell, 

Stanton Walker, 

A. H. WOERNER, 

C. H. Zentmyer, 

Committee. 


To the American Railway R^igineering Association: 

Your Committee respectfully presents herewith its report on the fol- 
lowing subjects : 


(1) Revision of Manual. 

(2) Specifications for prepared gravel ballast, including best method 
of testing for hardness, abrasion and resistance to weathering (Appendix A). 

(3) Specifications for stone ballast, including best method of testing 
for hardness, abrasion, and resistance to weathering (x-Vppendix B). 

(4) Shrinkage of ballast. 

(5) Relative service life of stone, slag and prepared gravel and other 
kinds of ballast. 

(6) Determine the answer to the question: What is ballasted track? 
(Appendix C). 


Action Recommended 

(1) The Committee has had under consideration several matters look- 
ing to a revision of the Manual particularly as to depth of ballast. This has 
not progressed sufficiently to warrant any recommendations at this time. 

(2) That Appendix A be accepted as information. 

(3) That the recommendations of Sub-Committee, Appendix B, dealing 
with specifications for stone ballast be approved and included in the Manual. 
That the balance of the report be accepted as information. 

(4) The Committee had hoped to submit information on the tests 
which have been conducted, but felt that it was best to delay submission 
for another year. 

(5) The Committee has given this subject serious consideration and 
formulated a questionnaire which was sent out. From the replies received 
it is evident that little can be hoped for, at least for the present. The 
Committee has asked that the subject be assigned in a slightly different form 
and it is hoped that some valuable information may be obtained working 
along these lines. 

(6) That the recommendations of Sub-Committee, Appendix C, be 
approved and included in the Manual. 

Respectfully submitted, 

The Committee on Ballast, 

A. P. Crosley, Chairman. 

Bulletin 329, September, 1930 
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Appendix A 

(2) SPECIFICATIONS FOR PREPARED GRAVEL BALLAST, 
INCLUDING BEST METHOD OF TESTING, ETC, 

C. B. Stanton, Chairman, Sub-Committee; \V. L. Foster, W. C. Kegler, 
W. A. Roderick, Stanton Walker, S. A. Seely. 

The Committee is attacking this problem in two parts : ( 1 ) consideration 
of requirements and methods of tests for grading and cleanness, and (2) 
consideration of methods of testing and requirements for hardness, abrasion 
and resistance to weathering. 

The recommendations of the Committee for grading, cleanness, and 
methods of testing for these properties were reported before the last annual 
meeting and were adopted. It is believed that these recommendations 
constitute a satisfactory tentative specification covering these factors. It 
is considered desirable to avoid making changes in them until opportunity 
has been had to learn from experience as to their suitability when applied 
in practice. It is proposed that during 1931 a canvass of the roads be con- 
ducted to determine the extent of the uses of these specifications. Considera- 
tion is also being given to their effect on the economics of the production 
of prepared gravel ballast, and with the view of obtaining information on 
this phase of the subject, it is intended that the canvass of the various 
railroads be supplemented with a canvass of the gravel producers in those 
localities where the A.R.E,A. specifications are applied. 

The second part of the problem (consideration of methods of testing 
and requirements for hardness, abrasion and resistance to weathering) has 
been studied and considerable preliminary work has been carried on in two 
laboratories. Samples of gravel ballast have been submitted by several 
railroads and gravel producers for a study of the physical characteristics 
which will aid the Committee in the development of methods of tests and 
the formulation of specification requirements. 

It was pointed out in last year’s report that laboratory test results, 
alone would not permit the fixing of suitable specification limits. It is neces- 
sary for such information to be supplemented by a study of service records, 
before authoritative conclusions can be reached. Accordingly letters were 
written to Engineers who had had experience with the grades tested in the 
laboratory, requesting information along the following lines : 

(1) Strength in track support, or resistance to breaking down 
under traffic. 

(2) Stability, or resistance to displacement in the road-bed, 

(3) Durability, or resistance to disintegration due to weathering. 

(4) Drainage properties. 

(5) Maintenance and chief cause for need of maintenance. 

Unfortunately, the information obtained to date from this correspondence 

has been meager. Some of the replies discussed gravel ballast in general, 
while the Committee was interested in obtaining information on the specific 
gravel in question in order that results of field observations might be com- 
pared with the laboratory results. A few Engineers gave complete answers 
to the questions. It is felt that comprehensive information along these lines 
is required before definite recommendations can be made for either specifi- 
cation limits or methods of tests. 
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Appendix B 

(3) SPECIFICATIONS FOR STONE BALLAST, INCLUDING 
BEST METHOD OF TESTING FOR HARDNESS, ABRA- 
SION AND RESISTANCE TO WEATHERING 

H. M. Righter, Chairman, Sub-Committee, O. P. Chamberlain, C. J. Coon, 
R. C. Dunlay, J. A. ElHs, W. L. Foster, A. T. Goldbeck, A. A. John- 
son, J. F. Montgomery, W. W. Patchell. 

Your Committee as the preliminary step in the investigation of the 
assigned subject reviewed the present specifications for Stone Ballast 
appearing in the 1929 Manual, and it is felt that the specifications should 
be revised and rearranged. They feel that as a matter of arrangement there 
should be a separation of the test requirements from the methods of test. 
This seems to be desirable for in this form the test requirement portion 
could be written directly into the specifications of individual railroads and 
in these individual specifications the test methods could be referred to as 
those of the A.R.E.A. They make the suggestion that the present specifica- 
tions for Stone Ballast as appearing in the 1929 Manual be withdrawn and 
the following specifications substituted therefor : 

SPECIFICATIONS FOR STONE BALLAST 

I. General Characteristics 

Crushed stone for use as ballast shall be composed of hard, tough, dur- 
able rock of high resistance to wear and low cementing value. It shall be 
clean and well graded between the maximum and minimum sizes. 

2. Apparent Specific Gravity and Weight per Cubic Foot 

The apparent specific gravity and weight per cubic foot shall be not 
less than and pounds, respectively. 

3. Absorption 

The absorption shall not exceed per cent 

4. Toughness 

The toughness shall be not less than 

5. Percentage of Wear 

The percentage of wear shall not exceed per cent. 

6. Cementing Value 

The cementing value shall not exceed pounds. 

7. Soundness 

All rock for stone ballast shall be subjected to five cycles of the sodium 
sulphate soundness test. If, at the end of the test, more than (a) per cent 
of the sample has disintegrated or if more than (b) per cent of the frag- 
ments by weight show serious spalling, cracking or checking, the sample 
shall be rejected unless rock from the same source has been proven by 
service to have satisfactory durability. 

Note. — It is suggested that the following values be inserted in 
the above specifications ; 

(a) =10 per cent, 

(b) =20 per cent. 
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8, Frequency 

Tests may be made from time to time at the option of the purchaser, 
and especially when new strata are being opened up for crushing into ballast. 

9. Selection of Samples 

Each stratum of a quarry shall be tested separately and not averaged 
with any other stratum (A.S.T.M.D. 75-22). 


10. Averaging 

For obtaining the values for physical tests, the average results of 
the numbers of specimen stated in the following table shall be taken : 


Kind 

Weight 

Percentage 

Cementing 

of Tests 

of Wear 

Toughness Value Soundness 

No. of 
Tests 

5 

5 

5 5 5 


11. Place of Tests 

Such tests as are deemed necessary shall be made at a testing laboratory 
selected by the purchaser, but visual inspection and other tests shall be made 
at the place of manufacture prior to shipments as often as considered 
necessary. 


PRODUCTION REQUIREMENTS 


12. Size 

Stone for ballast shall be so prepared that when tested by means of 
laboratory screens having circular openings, it will meet the following size 
requirements : 

Passing (a) (maximum size) 95 per cent. 

Passing (b) (intermediate size) 40-75 per cent. 

Passing (c) (minimum size) 0-5 per cent. 

It is recommended that the following values be used : 
a = 2.75 in. 
b=1.25 in. 
c==0.7S in. 


13. Handling 

Broken stone for ballast should be delivered from the screens directly 
to the cars or to clean bins provided for the storage of the output of the 
crusher. 

Ballast must be loaded into cars which are in good order and tight 
enough to prevent leakage and waste of material and which are clean and 
free from sand, dirt, rubbish, or any other substance which would foul or 
damage the ballast material. 

14. Cleaning 

The tellast shall be free from dirt, loam, dust or rubbish. When the 
n It does not become clean without preliminary 

scrubbing, a scrubbing machine shall be provided at the quarry. 

15. Defect Pound After D^elivery 

nf to inspect all the ballast loaded in cars, carloads 

fnsiiete? “"loading, and not previously 

inspected, sh^l be rejected and returned to the manufacturer who must 
pay the freight (barges both ways. If unloaded prior to diWk jFd^^^ 
the TSufaS. rejected^allast shall be^refused to 
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16. Inspection 

Inspectors representing the purchaser shall have free entry to the works 
of the manufacturer at all times while the contract is being executed, and 
shall have all reasonable facilities afforded them by the manufacturer to 
satisfy them that the ballast is prepared and loaded in accordance with the 
specifications and contracts. 

In case the inspection develops that the material which has been or is 
being loaded is not according to specifications, the inspector shall notify the 
manufacturer to sto^ further loading and to dispose of all cars under load 
with defective material. 

17. Measurement 

Ballast material may be reckoned in cubic yards or by tons, as ex]pedient. 
Where ballast material is handled in cars, the yardage may be determined by 
weight, after ascertaining the weight per cubic yard of the particular stone 
in question by careful measurement and weighing of not less than five cars 
filled with the material or the tonnage may be determined for subsequent 
cars by measurement and converting the yardage into tonnage by the use 
of the weight per yard as determined above. 

Note. 1. — The following are typical values for physical char- 
acteristics of high quality stone : 

Limestone T rap 


Apparent Specific Gravity 2.68 2.81 

Weight per cubic foot (solid) 168 175 

Toughness, not less than 10 15 

Per cent wear, not more than 5 3 

Cementing value, not more than 4 1 

Absorption, not more than 1.0 0.5 


Note 2. — Rock types other than those above mentioned are 
also of high quality for ballast. When it is not economically feas- 
ible to procure rock of the hi§-hest quality, lower quality material 
may be used and lesser requirements than the above should be 
inserted in the specifications. 


TEST METHODS 

18. Apparent Specific Gravity 

The apparent specific gravity shall be determined in the following 
manner : 

(1) The sample, weighing approximately 2.2 lb. (1000 g.) and com- 
posed of pieces approximately cubical or spherical in shape and retained 
on a screen having 0.5 in. (1.27 cm.) circular openings, shall be dried to 
constant weight at a temperature between 212 and 230 deg. Fahr. (100-110 
deg.), cooled, and weighed to the nearest 0.5 g. Record this weight as 
weight “A.” In the case of homogeneous materials, the smallest particles 
in the sample may be retained on a screen having 1.25 in. circular opraings. 

(2) Immerse the sample in water for 24 hours, surface-dry individual 
pieces with aid of a towel or blotting paper, and weigh. Record this weight 
as weight “B.” 

(3) Place the sample in a wire basket of approximately 0.25 in. mesh 
and about 5 in. (12.7 cm.) and 4 in. (10.3 cm.) deep, suspended in water 
from center of scale pan, and weigh. Record the difference between this 
weight and the weight of the empty basket suspended in water as weight 
**C." (Weight of saturated sample immersed in water.; 

NoTK — The basket may be conveniently suspended by means 
of a fine wire htang from a hook shaped in the form of a question 
mark with the top end resting on the center of the scale pan. 
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(4) The apparent specific gravity shall be calculated by dividing the 
weight of the dry sample (A) by the difference between the weights of 
the saturated sample in air (B) and in water (C) as follows: 

A 

Apparent Specific Gravit\ = 

B — C 

(5) Attention is called to the distinction between apparent specific 
gravity and true specific gravity. Apparent specific gravity includes the 
voids in the specimen and is therefore always less than or equal to, but 
never greater than the true specific gravity. 

19. Weight per Cubic Foot 

The weight per cubic foot solid shall be calculated by multiplying the 
apparent specific gravity bj^ the weight of a cubic foot of water (62.35 lb.). 
Weight per cubic foot = apparent specific gravity X 62.35 lb. 

20. Absorption 

The absorption may be calculated from the values obtained in making 
the above test for apparent specific gravity or the test may be made 
separately by the method ^ven in Articles 1 and 2 of Section 18. 

Per cent absorption is then calculated by subtracting the dry weight 
CA) from the saturated weight (B) and dividing by the dry weight (A), 
multiplying the quotient by 100. 

B— A 

Per Cent Absorption = X 100. 

A 


21. Toughness 

A piece of solid rock from which a cylindrical core perpendicular to 
the bedding plane of the rock 0.98 in. by 0.98 in. (25 mm. by 25 mm.), can 
be cut with a diamond core drill, and the ends ground plane shall, after 
drying, be held on an anvil, weighing not less than 110.23 lb. (50 kg.) in 
the Page impact machine, like a miniature pile driver, under a plunger with 
sphere shaped striking surface of 0.39 in. (1 cm.) radius, which is struck 
by a burner when released weighing 4.4 lb. (2 kg.). The test begins 
with a 0.^ ill. (1 cm.) fall of the hammer for the first blow, and con- 
tinues_ with ip increased fall of 1 cm. for each succeeding blow until the 
test piece fails, the number of blows and height being the same and repre- 
senting the toughness of the rock. 


22. Soundness 


t. pieces of rock, each weighing approximately 0.22 lb. ( 100 grams ) 

shall be subjected to cycles of immersion in a solution of sodium sulphate 
and drying m accordance with the following procedure: 

Preparation of Solution — ^The solution shall be prepared by dissolving 
commercial sodium sulphate in water at 80 to 85 deg. Fahr , allowing the 
solution to cool to 70 deg. Fahr. at which time crystals of sodium sulphate 
shall have formed in the solution. Pour off the solution so prepared, 
excluding the crystals of sodium sulphate and use this solution for the 
tests. 


Immerse the stone in the solution 18 to 19 hours* during which time 
the temperature of the solution shall be maintained at 70-75 deg. Fahr. 
and the pan shall be covered to prevent evaporation. An earthenware or 
agate-ware vessel shall be used. 

At the end of 18 or 19 hours, remove specimens and place immediately 
in a shallow or tray. Immediately place tray in oven preheated to a 
212-221 deg. Fahr. (100-105 deg. Cen.) Maintain oven at 
toat temperatare for 4 hours, after which period remove samples and allow 
to cool 1 or 2 hours to air temperature. At end of cooling period reimmerse 
specimens in solution. One immersion and one period of dry and cooling 
constitutes a cycle. ° 
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23. Wear Test 

Apparatus. 1. The testing machine shall consist of one or more hollow 
iron cylinders; closed at one end and furnished with a tightly fitting iron 
cover at the other. These cylinders shall be 7.87 in. (20 cm.) in diameter 
and 13.40 in. (34cm.) in depth inside, and shall be mounted on a shaft at 
an angle of 30 deg. with the axis of rotation of the shaft. 

Preparation of sample. 2. At least 30 lb. of coarsely broken stone 
shall be available for a test. The rock to be tested shall be broken in 
pieces as nearly uniform in size as possible, and as nearly 50 pieces as 
possible shall constitute a test sample. 

Procedure. 3. The total weight of rock in a test shall be within 
0.022 lb. (10 grams) of 11.0 lb. (5 kg.). All test pieces shall be washed 
and thoroughly dried before weighing. Ten thousand revolutions, at a rate 
of between 30 and 33 per minute, shall constitute a test. Only the percentage 
of material worn off which will pass through a 0.005 in. (0.16 cm.) mesh 
sieve shall be considered in determining the amount of wear. 

(A.S T.M, D2-26 slightly modified.) 

24. Cementing Value 

One and one-tenth lb. (one-half kg.) of stone which can be crushed to 
pea size, shall be placed (dry) in a ball mill which contains two steel shot 
weighing 20 lb. (9.07 kg.) each, given 5000 revolutions at the rate of 
thirty (30) revolutions per minute and the dough resulting from a mixture 
of the dust screened through a 100 mesh sieve, and water, placed in an air 
tight vessel for three (3) hours and then rekneaded, shall be made into 
six cylindrical briquettes 0.98 in. (25 mm.) in diameter and 0.98 in. 
(25 mm.) in height formed under a pressure of 1877.5 lb. per sq. 
in. (132 kg.) after which they shall be allowed to dry 20 hours in air, four 
hours in a hot air bath of 212 deg. Fahr. (100 deg. Cent.) and then cooled for 
twenty minutes in a desiccator, and immediately tested in a machine for 
ascertaining the crushing strength in pounds per sq. in., which is the 
measure of the cementing value of the rock. The average of five (5) 
determinations should be taken. 

Throughout the suggested revised specifications it will be noted that the 
requirements have been left blank. It was not thought feasible or desirable 
to attempt to write a specification with hard and fast requirements, as 
natural materials occurring over a wide area differ to a marked degree. 
The Committee is pursuing the study of this subject and hopes to have at 
some later date suggestions as to what it considers suitable for insertion 
in the blanks. 

The Committee in the preparation of the above specifications and in 
its work on this assignment has confined their efforts to top-ballast as 
distinguished from sub-ballast. 
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Appendix C 

(6) DETERMINE THE ANSWER TO THE QUESTION : WHAT 
IS BALLASTED TRACK? 

H. E. Tyrrell, Chairman, S ub- Committee ; C. J. Coon, J. A. Ellis, R. L 
McCormick, E. I. Rogers. 

This Committee has reviewed previous work on the assignment, has 
considered the report to the 1930 Convention, appearing on pages 767 and 768 
of Volume 31 of the Proceedings, and has handled the question with many 
members of the Association having widely differing interests in it. 

The report to the 1930 Convention illustrates how the volume and 
nature of traffic of a railway, or a section of a railway, might influence 
that railway’s conception of what constitutes Ballasted Track. It also 
refers to the definitions of Track, Ballast, Sub-Ballast and Top-Ballast 
(pages 197 and 93 of the 1929 Manual) and mentions specifically the broad- 
ness of the whole question. 

Taking these points into consideration, as well as the additional infor- 
mation and opinions developed this year, we desire to concur in the report 
made to the 1930 Convention, but recognize that the definition submitted 
in that report might restrict the use of the term “Ballasted Track” to such 
track as would be considered fully or completely ballasted and, therefore, 
suggest the following as an answer to the question: 

Ballasted track is track to which ballast has been applied in its proper 
relative position. 



REPORT OF COMMITTEE XX— UNIFORM GENERAL 
CONTRACT FORMS 


J. C. Irwin, Chairman; 
C. Frank Aujen, 

E. H. Barnhart, 
Calvin Bartlett, 

W. H. Brameld, 

B. S. Dickerson, 

R. P. Eubank, 

W. D. Faucette, 

F. H. Fechtig, 

A. C. Jackson, 

J. S. Lillie, 

S. L. Mapes, 


F. L. Nicholson, Vice-Chairman; 
A. A. Miller, 

O. K. Morgan, 

C. B- Niehaus, 

W. G. Nusz, 

H- A. Palmer, 

Charles Silliman, 

Huntington Smith, 

E. L. Taylor, 

J. S. Thorp, 

C. A. Wilson, 

John Worley, 

Committee. 


To the American Railway Rngineering Association: 

Your Committee respectfully presents herewith report covering the 
following subjects: 

(1) Revision of Manual (Appendix A). 

(2) Cost-plus methods in construction contracts (.Appendix A). 

(3) Form of agreement for the purchase of electrical energy in large 
volume (such as required for traction purposes), collaborating with Com- 
mittee XVIII — Electricity (Appendix B). 

(4) Form of agreement for the organization and operation of a joint 
passenger terminal project, collaborating with Committee XIV” — Yards and 
Terminals (Appendix C), 

(5) Special forms of contracts for maintenance-of-way work 
(Appendix A). 


Action Recommended 

(1) That no revision of the Manual be made at this time. 

(2) That Appendix I and Appendix II to the “Form of Cost-Plus 
Percentage Construction Contract” as recommended in Appendix A of this 
report, as alternates for the methods of providing for the contractor’s fee 
and covering “Cost-Plus a Fixed Fee” and “Cost-Plus a Stated Sum with 
Adjustments for Varying Conditions” be approved for publication in the 
Manual. 

(3) That the study of a form of agreement for the purchase of 
electrical energy in large ,yolume (such as required for traction purposes), 
reported in Appendix B, be continued. 

(4) That the study of a form of agreement for the organization and 
operation of a joint passenger terminal project, reported in Appendix C, 
be continued. 

(5) That the conclusion in Appendix A that no special forms of 
contract for maintenance-of-way work are necessary and that none be 
recommended for publication in the Manual, be approved and that the 
subject be discontinued. 

Respectfully submitted, 

The Committee on Uniform 

General Contract Forms, 

J. C. Irwin, Chairman, 

Bulletin 329, September, 1930. 
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Appendix A 


(1) REVISION OF MANUAL 

(2) COST-PLUS METHODS IN CONSTRUCTION CON- 

TRACTS 

(5) SPECIAL FORMS OF CONTRACTS FOR MAINTENANCE- 
OF-WAY WORK 

Charles Silliman, Chairman, Sub-Committee; C. Frank Allen, E. H. Barn- 
hart. R. P. Eubank, W. D. Faucette, F. H Fechtig. O. K. Morgan, 
C B. Niehaus. 


(1) REVISION OF MANUAL 

Your Committee has no revisions to recommend at this time. 

(2) COST-PLUS METHODS IN CONSTRUCTION 
CONTRACTS 

Your Committee submits the following report on Cost-Plus Methods 
in Construction Contracts, supplementing the form of Cost-Plus Percentage 
Construction Contract printed in A.R.E.A. Manual for 1929. 

A study of general practice and reports from many railways shows 
that a Cost-Plus Fixed Fee Contract without modifications permitting 
adjustments in the Contractor’s fee for variations in the cost or in the 
quantities involved in the work, is very seldom used. However, the Com- 
mittee has prepared the wording of such modification for those who wish 
to use it 

The Committee also finds that the so-called Cost-Plus Percentage with 
a Fixed Maximum Contract is seldom used and considers it inadvisable to 
present such a modification for the reason that any variation from a Fixed 
Fee basis can best be provided by the use of a so-called Sliding Scale 
Contract, 

The Committee presents such a modification in the provision for a 
Cost-Plus a Stated Sum with Adjustments for Varying Conditions. 

The Committee points out that the use of the term “Fixed Fee” where 
changes in the fee are provided for in the contract is an incorrect use of the 
term and is apt to be misleading. 

Conclusions 

Where limitations in the strictly Cost-Plus Percentage basis are desir- 
able, the Committee recommends as best practice that the agreements take 
the form of : 

(a) Cost Plus a Fixed Fee. 

(b) Cost Plus a Stated Sum with Adjustments for Varying 
Conditions. 

The Cost Plus Fixed Fee form ' should not be used where there is a 
likelihood of there being any change in the amount or conditions of the 
work involved. 
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Instead of rewriting the adopted form of Cost Plus Percentage Con- 
struction Contract as printed in A.R.E.A. Manual for 1929, provision can 
be made for desired limitations by the attachment of an appendix to the 
standard form. It submits as suggestions for such the following : Appendix 
I — Cost Plus Fixed Fee, and Appendix II — Cost Plus a Stated Sum with 
Adjustments for Varying Conditions. 


Appendix I to Form of Cost-Plus Percentage Construction Contract 
COST PLUS A FIXED FEE 

Where work is done on the basis of Cost Plus a Fixed Fee, the 
A.R.E.A. adopted form for Cost Plus Percentage Construction Contract 
should be modified as follows : 

Section 42 — Fee (Fixed Sum) 

The Contractor shall be paid in addition to the costs as 

defined in Sections 39 and 40 the fixed sum of $ 

as his fee for services rendered. 


Appendix II to Form of Cost-Plus Percentage Construction Contract 


COST PLUS A STATED SUM WITH ADJUSTMENTS FOR 
VARYING CONDITIONS 

Where work is done on the basis of **Cost Plus a Stated Sum with 
Adjustments for Varying Conditions,” the A.R.E.A. adopted form for Cost 
Plus Percentage Construction Contract should be modified as follows: 

Section 42 — Fee (A Stated Sum with Adjustments for Varying 
Conditions) 

a. The Contractor shall be paid in addition to the costs as defined in 

Sections 39 and 40 the stated sum of $ , herein referred to as 

the Basic Fee, based on the Cost of the Work which has been estimated by 

the Contractor at $ as i)er schedule of quantities and unit prices 

hereto attached constituting and herein referred to as the Basic Cost. 

b. Should the quantities of work done vary from those in the schedule 
constituting the Basic Cost, then the Basic Cost shall be adjusted by apply- 
ing to the quantities of work actually done the unit prices included in the 
schedule and a Revised Basic Cost established. In the same manner, a new 
Basic Fee shall be established by applying to the quantities of work done 
the unit prices submitted for his fee or commission and a Revised Basic Fee 
established. 

c. Should any additional work be required which is not provided for 
in the schedule of quantities and items of work, the Engineer may agree 
in writing with the Contractor as to the items and quantities of sudi addi- 
tional work, the estimated cost and the amount of the Contractors fee or 
commission per unit of additional work. In such event the amounts agreed 
upon shall be added to the sdhedule constituting the Basic Cost and the Basic 
Fee, and the final amount due the Contractor shall Aen be determined in 
the same manner as described in Paragraph d, of this Section. 

d. Upon the completion of the work the actual Cost shall be deter- 
mined and if it be less than the revised Basic Cost as above described, then 
die Contractor shall receive in addition to the revised Basic Fee. fifty per 
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cent (50%) of the savings, but in no case shall the Contractor’s share of 
the savings exceed an amount equal to fifty per cent (50%) of the Revised 
Basic Fee as finally determined. , 

Should the actual Cost of the Work as determined upon the completion 
of the work be more than the final Basic Cost as above described, then the 
Contractor’s Revised Basic Fee shall be reduced by fifty per cent (50%) 
of such excess and the remainder constitute his fee or commission, but in 
no case shall the Contractor’s Revised Basic Fee be reduced more than 
fifty per cent (50%). . , , . , 

e. Should any additional work be authorized by the Engineer and which 
is not provided for in the schedule of quantities and items of work, or as 
supplemented by Paragraph c. of this Section, the Contractor shall be 
reimbursed at actual cost of the work, and in addition thereto a fee of 
per cent on items of cost as defined in Section 39. 

(5) SPECIAL FORMS OF CONTRACTS FOR MAINTE- 
NANCE-OF-WAY WORK 

Your Committee reports that from a study of this matter and returns 
from many railways, it is not indicated that there is any necessity for such 
a special form of contract nor is there much interest among the railways 
in having it developed. 

In connection with this, the subject of a special form for Dredging 
Contracts was investigated and the conclusion reached by the Committee 
that the report of A.R.E.A, Committee XXV covering dredging specifica- 
tions renders a special form of contract unnecessasry, as these specifications 
in connection with the recommended forms of contract in the Manual fur- 
nish the railways all the information and direction needed. 


Conclusion 

That no special forms of Contracts for Maintenance-of-Way Work are 
necessary and that none be recommended for publication in the Manual. 


Appendix B 

(3) FORM OF AGREEMENT FOR THE PURCHASE OF 
ELECTRICAL ENERGY IN LARGE VOLUME (SUCH 
AS REQUIRED FOR TRACTION PURPOSES), COL- 
LABORATING WITH COMMITTEE XVIII — ELEC- 
TRICITY 

F. L. Nicholson, Chairman, S ub- Committee ; W. H. Brameld, S. L. Mapes, 
H. A. Palmer, Huntington Smith, E. L. Taylor, J. S. Thorp. 

Your Committee reports progress with Form of Agreement for the 
Purchase of Electrical Energy in Large Volume. The tentative draft of 
form is in the hands of Sub-Committee, collaborating with a Sub-Committee 
of Committee XVIII— Electricity. It is not at the present time in shape 
for presenting to the Association. 

It is recommended that the subject be continued. 
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Appendix C 

(4) FORM OF AGREEMENT FOR THE ORGANIZATION 
AND OPERATION OF A JOINT PASSENGER TERMI- 
NAL PROJECT, COLLABORATING WITH COMMIT- 
TEE XIV— YARDS AND TERMINALS 

W. G. Nusz, Chairman, Sub-Committee; Calvin Bartlett, B. S. Dickerson, 

A. C. Jackson, J. S. Lillie, A. A. Miller, C. A. Wilson, John Worley. 

Your Committee reported progress at the 1930 convention and submitted 
at that time a preliminary draft of the Form of Agreement for the 
Organization and Operation of a Joint Passenger Terminal Project, for 
criticism and suggestion. This draft will be found in Bulletin 320, pages 
494 to 524, both inclusive. 

A number of very helpful suggestions have been received, during the 
past year, from both the members of the Association and others. The 
Committee has continued to diligently study the subject, collaborating with 
Committee XIV — ^Yards and Terminals, and the two Committees are now 
practically in accord. 

Your Committee feels that the importance of the assignment is such 
that every effort should be made to obtain as many suggestions as possible 
before a final form is submitted to the Association. At the present stage 
of development it is not considered necessary to reprint the form at this 
time, and your Committee again submits the agreement, as printed in Bul- 
letin 320, for information and discussion. 



REPORT OF SPECIAL COMMITTEE 
ON STANDARDIZATION 


J- C. Irwin, Chairtnan; 

Louis Yager, Vice-Chairman; 
W. C. Cushing, Honorary; 
Col. Wm. G. Atwood, 

H. Austill, 

C. W. Baldridge, 

R. C. Bardwell, 

E. H. Barnhart, 

F. L. C. Bond, 

W. J. Burton, 

A. P. Crosley, 

Robert H. Ford, 

C. C. Haire, 

L. P. Kimball, 

C. R. Knowles, 


J. R. W. Ambrose, Vice-Chair^nan; 
F. R. Layng, 

J. V. Neubert, 

W. M. Post, 

C. P. Richardson, 

Frank Ringer, 

H. L. Ripley, 

F. C. Shepherd, 

A. L. Sparks, 

Earl Stimson, 

J. E. Teal, 

F. M. Thomson, 

A. R. Wilson, 

S. Withington, 

Committee 


To the American Railway Engineering Association: 


Your Committee respectfully presents the following report: 

The progress of Standardization since the appointment of the Com- 
mittee in 1919 is clearly indicated in the reports of the Committee published 
in Proceedings beginning with Vol. 21, year 1920, and extending through 
Vol. 31, year 1930, reports having been made in all years except 1925 and 
1926. These reports show that there has been very great advance in the 
general acceptance of the idea of Standardization in fields where it will 
promote safety, economy and facility. The reports of the past four years 
are most comprehensive in explanation of the machinery of standardization, 
the organization of standards associations and their co-operative activities, 
and the extension of standardization in industrial fields. 

Your Committee considers its functions to be: 

To encourage the use of A.R.E.A. Recommended Practices in the rail- 
way field, and to promote, as National Standards, such subjects as may be 
selected for sponsoring by the Board of Direction, from which it receives 
its instructions. 

To maintain contact with Standardization bodies and keep the Associa- 
tion informed on, important matters developed by such contact. 

No subjects have been referred to this Committee for consideration for 
sponsoring in the American Standards Association as National Standards 
during the year. 


Approval of A.R.E.A. Manual by the American Railway Association — 
Extension of Uniform Practice 

In connection with the promotion of the use of A.R.E.A. Recommended 
Practice, very definite progress has been made by the endorsement and 
approval by the American Railway Asssociation of the material in the 
A.R.E.A. Manual, 1929 edition, as shown on the title page and in the last 
paragraph of the “Foreword.” This should be the greatest possible aid 
in the extension of uniform practice. 

Bulletin 329, September, 1930. 
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The members of this Association are the agents through which the use 
of its Recommended Practice will be more generally extended. Reference 
to the Manual for information or for guidance on procedure, constitutes 
use which amply warrants its existence, whether the basic “recommended 
practice’" is followed absolutely or not. In many cases where a matter of 
design or other practice affects no other railway and no outside party, 
modifications of recommended practices can be made to suit the user without 
question of detriment to others. 

In matters affecting two railways, each one having relations with other 
railways, the greater importance of uniform practice is clear. 

In matters where various railways have similar interests with industries 
which they serve, manufacturers from whom they purchase, contractors with 
whom they deal, or with the public, the desirability for uniform practice is 
emphasized, so that the acts of one party in interest in one case will not 
be detrimental to the parties in other similar cases. 

While limitations on such uniform practices must be recognized, yet, 
if individual users are willing to subordinate some of their views for the 
general good, there will be much more extensive acceptance of the material 
in the Manual, as recommended. 

To aid in determining the relative importance of the general use of the 
Recommended Practices in the Manual, the classification of uses similar 
to that printed in the report of this Committee last year. Bulletin 320, 
(Vol. 31) is here given. 

Classification of A.R.E.A. Recommended Practices According to Use 

(A) Those which concern only the individual railway; such as road- 
way and ballast sections, design of culverts, etc. 

(B) Those which concern relations between two or more railways; 
such as agreements for trackage rights, interlocking, etc. 

(C) Those which concern the railway and the industries or individuals 
which it serves; such as agreements for industry tracks, lease agreements, 
etc. 

(D) Those which concern the railway and the manufacturers of rail- 
way supplies; such as track and signal designs and specifications, etc. 

(E) Those which concern relations between the railway and its con- 
tractors or public service corporations; such as construction contracts, agree- 
ments for the purchase of electrical energy, for wire line crossings, etc. 

(,F) Those which concern the relations between the railways and the 
general public; such as highway crossing protection, etc. Manufactured 
articles in this class would also be in Class D. 

It is not intended actually to list the subjects in the Manual under these 
headings but the classification may clarify views on the importance of the 
general use of any of the material in the Manual and may aid in the selec- 
tion of special subjects which it would be for the benefit of the railways 
to have presented to the American Standards Association for consideration 
as National Standards. Certainly it will tend to eliminate most of the 
subjects in the Manual from any such consideration. In most cases the 
endorsement and approval by the American Railway Association is sufficient. 

The classification under these headings made by six Standing Commit- 
tees, covering the subjects under their jurisdiction published last year in 
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the report of this Committee, Bulletin 320 (Vol. 31), pages 345 to 351, 
is illuminating. 

It is apparent that subjects coming under Class A are merely for the 
purpose of being a guide to good practice and of saving time and money 
for the user. 

In Class B, involving more than one railway and each one having 
relations with others, the benefit of a basic uniform practice with variations 
only as local conditions require, is evident. In some cases the recommended 
practices recognize the need for these local variations by providing alternates 
or by leaving such phases open. 

In the other classes, the importance of uniform practice may be judged 
by the extent of the inter-relations of the interests concerned. 

In order to facilitate the general adoption of practices in which the 
interests of the railways are involved with the interests of others, with 
whom they deal, it is important that the Standing Committees of this Asso- 
ciation, to which subjects are asssigned in their Outline of Work, secure 
the co-operation, not only of the representatives of other Divisions or Sec- 
tions of the American Railway Association, but also of those of other 
national organizations of public service corporations or of industries as far 
as practicable, so that when a practice shall have been submitted to and 
approved the A.R.E.A., it will have the support of such other bodies 
concerned in its general use. Without such co-operation, their opposition 
might defeat the purpose of the establishment of such recommended practice. 

Those who use the Manual should call to the attention of Committee 
Chairmen, any real objections they find to the use of any Recommended 
Practice so that such objections can be considered in the study of the 
revision of the Manual and any changes which appear necessary, to make the 
practice more generally acceptable, can be made by authorized procedure. 


NATIONAL STANDARDIZATION 
American Standards Association (A.S.A.) 

If any Standing Committee of this Association decides that any subject 
is suitable for National Standardization beyond its approval as Recom- 
mended Practice and endorsement by the American Railway Association and 
that such standardization would be beneficial, it should bring the subject 
to the attention of the Board of Direction, A.R.E.A., with its recommenda- 
tion and supporting data, for such further action as the Board may deem 
desirable. 

The American Railway Association can act as sponsor to bring any 
such subject before the American Standards Association. In case of its 
acceptance for study, it becomes a “Project” of the American Standards 
Association and, through one of the methods of procedure provided in the 
by-laws of that association to insure due care in the development of stand- 
ards, it finally comes before the Council of that association for approval 
The American Standards Association and its Standards Council do not, in 
themselves, formulate standards. 

The A.S.A. publishes a Year Book which describes its organization 
and activities. 
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A.R.A Representation in A.S*A. 

L. A. Downs, President, Illinois Central Railroad, Past-President 
A.R.E.A., is the member of the Board of Directors, American Standards 
Association, designated by the American Railway Association, 

At present (1930) the A.R.A. has only one representative with two 
alternates on the A.S.A,, these being appointed from Division IV — ^Engi- 
neering, as follows: 

Representative — C. Irwin (who succeeded W. C. Cushing, resigned, 
June, 1930). Alternates — ^J. R. W. Ambrose and E. K. Post. 

A large number of members of the A.R.E.A. are serving as members 
of Sectional Committees of the A.S.A. in the study of subjects for develop- 
ment as standards. A list of these members is filed with the Secretary, 
A.R.E.A., for reference. 

Men appointed by other Divisions or Sections of the A.R.A. also are 
serving on* these Sectional Committees. 

Appendices A and B to this report show “American Standards approved 
by the A.S.A. for the period September 1, 1929, to September 1, 1930” and 
the “A.S.A. Technical Projects on Which the Railway Associations Are 
Now Co-operating.” 

With the connections here outlined, the representatives of the A.R.A. 
on A.S.A. and the numerous members of Sectional Committees are in a 
position to exert their influence against ill-advised standardization as well 
as to advance the interests of the railways in the creation and adoption of 
standards which will be of special value. 

This year, the American Railway Association has appropriated $15,000 
a year for a term of three years to assist in the work of the A.S.A., and 
consideration is now being given to the possibility of the appointment of 
representatives on the American Standards Association from Divisions of 
the American Railway Association other than Division IV — Engineering. 

Canadian Engineering Standards Association (C.E.S.A.) 

The C.E.S.A. operates on lines somewhat similar to the A.S.A. 

Members of its “Main Committee” who are members of the A,R.E.A. 
are accredited in its records as follows: 

F. L. C. Bond, Canadian National Railways 
J. M. R. Fairbairn, Representing Institute of Civil Engineers 
Lt. Col. C N. Monsarrat, Consulting Engineer, Montreal 
T. L. Simmons, Board of Railway Commissioners for Canada 
A. F. Stewart, Canadian National Railways 

The Canadian Pacific Railway is also represented on the Main Com- 
mittee by J. A. Shaw. 

Both the Canadian National Railways and the Canadian Pacific Rail- 
way Company are sustaining members of the C.E.S.A. 

The C.E.S.A. publishes a Year Book which describes its organization 
and activities. 
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Other National Standardizing Bodies 

In addition to the United States and Canada, each o£ the following 
countries has a national standardizing body: Austria, Australia, Belgium, 
Czechoslovakia, Denmark, Finland, France, Germany, Great Britain, Hol- 
land, Hungary, Italy, Japan, Norway, Poland, Roumania, Russia, Sweden 
and Switzerland. 

International Standards Association (I.S.A.) 

The I.S.A. had its beginning in an international conference held in 
New York in 1926. After three years of preparation, it was established 
in Zurich, Switzerland, in the spring of 1929 by formal action of sixteen 
national bodies. 

Quoting from the A.S.A. Year Book: *‘In October, 1929, the Board 
of Directors of the American Standards Association decided unanimously 
that the A.S A., should become a member of the I.S.A. in order tijat industry 
might have the benefit of close and systematic contact through an authori- 
tative channel with industrial standardization in other countries.” 

‘‘Through the I.S.A., the A.S.A. is co-operating with other national 
bodies in a regular exchange of information in regard to new projects, draft 
standards, etc. Each body maintains a file of, and acts as sales agent for, 
approved standards of other countries, thus making this information readily 
available to the industries of the country.” 

With the exception of Australia, Canada and Great Britain all of the 
countries which have National Standardization bodies are now members of 
the I.S.A. 

The objects of this association are limited to co-operation in standard- 
ization rather than the promulgation of I.S.A. Standards. 

No American member has yet been appointed on any of the I.S.A. 
technical committees. 

Petris Conference 

A conference under the auspices of the I.S.A. was held in Paris, May, 
1930. Projects taken up by technical committees were as follows: 

I. Paper Sizes 

II. Technical Drawings 

III. Twist Drills and Other Small Tools 

IV. Test Pressures for the Acceptance of New Stationary Steam 

Boilers 

V. Wrench Openings (width across flats of bolt heads and nuts) 

VI. Rivets 

VII. Coal — Classification of Sizes 

VIII. Traffic Signals 

IX. Petroleum Products — ^Nomenclature and Methods of Test 

X. Fluid Meters 

The Secretariat for Project IX-^Petroleum Products, was assigned to 
the United States. 

In addition to the above, new Committees were appointed to deal with 
Cast Iron and Steel, and Bronze and Brass. 

Respectfully submitted. 

Special Committee o.v Standardization, 

J. C. Irwin, Chairman. 
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American Standards Approved by the American Standards Association 
Period Sept. 1, 1929, to Sept. 1, 1930 


AS. A. Symbol 
A 5 —1930 

A 9 —1929 
All —1930 

A26 —1930 
A37a— 1930 


A37b— 1930 

A37c— 1930 

A43 —1930 
B 3a— 1930 
B 3b— 1930 

B 5c— 1930 


B 7 —1930 

B 18c— 1930 

B29a— 1930 
K13 —1930 

K14 —1930 
K16 —1930 

K18 —1929 

L 1 —1929 
M14 —1930 

O 1 —1930 

ZlOd— 1930 

ZlOe— 1930 
ZlOh— 1930 

Z1 It— 1930 
ZlOn— 1930 

Z12b— 1930 


Title 

Toughness of Rock, Method of Test 
for 

Building Exits Code 
Lighting; Factories, Mills and Other 
Work Places, Code of 
Stone, Slag, Gravel, Sand and Stone 
Block, for Use as Highway Ma- 
terials, Method of Sampling 
Penetration of Bituminous Mate- 
rials, Standard Method of Test 
for 

Bituminous Materials, Standard 
Method of Float Test for 
Determination of Bitumen, Standard 
Method of Test for the 
Putty, Specifications for 
Annular Ball Bearings 
Annular Ball and Roll Bearings, 
Wide Type 

Milling Cutters : Nomenclature of ; 
Plain, Side, Angular, Stagger 
Tooth, End Mills, Metal Slit- 
ting, T Slot and Half Slide Cut- 
ters ; Involute Gear, Stocking, 
Fluting Reamers and Taps, Con- 
cave, Convex, Corner Round- 
ings and Sprocket Cutters ; Keys 
and Key-Ways for Milling Cut- 
ters and Arbors 

Abrasive Wheels, Safety Code for 
the Use, Care and Protection of 
Slotted Head Machine Screws and 
Wood Screw Heads 
Roller Chains 

Identification of Gas Mask Canis- 
ters, Code for the Uniformity 
in Color Markings for Gas 
Mask Canisters 
Liquid Soap, Specifications for 
Dry Red Lead, Methods of Routine 
Analysis of 

Coal and Coke, Method of Labora- 
tory Sampling and Analysis 
Textiles, Safety Code for 
Explosives in Bituminous Coal 
Mines, Recommended Practice 
for the Use of 

Woodworking Plants, Safety Code 
for 

Photometry and Illumination, Sym- 
bols for 

Aeronautical Symbols 
Navigational and Topographical 
S3nnbols 

Saponification, Method of Test for 
Detection of Free Sulfur and Cor- 
rosive Sulfur Compounds in 
Gasoline, Method of Test for 
Pulverizing Systems for Sugar and 
Cocoa 


Approved by 
American Standard 

Amer. Tent. Std. 
American Standard 

American Standard 


.American Standard 


American Standard 

American Standard 

Amer. Tent. Std. 
American Standard 
Amer. Rec. Prac. 

American Standard 


American Standard 

American Standard 

American Standard 
Amer. Rec. Prac, 


Amer. Tent. Std. 
American Standard 

American Standards 

Amer. Tent. Std. 
Amer. Rec. Prac. 


American Standard 

American Standard 

Amer. Tent. Std. 
Amer. Tent. Std. 

American Standard 
American Stzmdard 


American Standard 
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American Standards Association Technical Projects on Which the 
Railway Associations Are Now Co-operating 


A 1—1928 
A 3 
A 4 
A21 
A22 
A25 
A35 
A36 
B16 
BIS 
B20 
B30 
B32 
*B33 

B36 

*B41 

^B43 

1—1930 

C 2—1927 
C 5—1929 
C 8 

CIO— 1924 
Cl 1—1927 
C16 

CIS— 1928 
C2Q 
C29 
*C34 
*C42 
*C44 

C50a 

C50b 

C50c 

CSOcl— 1928 

C50d 
D 5 
E 8 

E 9^1926 
ElO— 1929 
Ell— 1926 
G 8 

O 3—1926 
O 4 
O 5 

X 2—1922 

2 4 
Z 5 
210 
211 

214 

215 


Portland Cement, Specifications for 
Steel Bridges 

Structural Steel Shapes, Specifications for 

Cast Iron Pipe and Special Castings, Specifications for 

Walkway Surfaces, Safety Code for 

Bridges, Movable Railway, Specifications for 

Manhole Frames and Covers 

Rating of Rivers, IMethods of 

Pipe Flanges and Fittings 

Bolt, Nut and Rivet Proportions 

Conveyors and Conveying Machinery, Safety Code for 
Cranes, Derricks and Hoists, Safety Code for 
Wire and Sheet Metal Gages 

Screw Threads for Hose Couplings (Other Than Fire Hose 
Couplings) 

Dimensions and Material of Wrought Iron and Wrought 
Steel Pipe and Tubing, Standardization of 
Stock Sizes, Shapes and Lengths for Iron and Steel Bars, 
Including Flats, Squares, Rounds and Other Shapes 
Machine Pins, Dimensions of 

Electric Wiring and Apparatus in Relation to Fire Hazard, 
Regulations for (National Electrical Code) 

National Electrical Safety Code 

Lightning, Code for Protection Against 

Wires and Cables, Insulated (Other Than Tele, and Tel.) 

Electrical Equipment of Buildings, Symbols for 

Hard Drawn Aluminum Conductors, Electrical Constants 

Radio 

Dry Cells and Batteries, Specifications fo'r 
Line Insulators for Voltages Not Exceeding 750 
Power Line Insulators for Voltages Exceeding 750 
Mercury Arc Rectifiers 
Electrical Terms, Definitions of 

Rolled Threads for Screw Shells of Electric Sockets and 
Lamp Bases, Specifications for 
Direct-Current Rotating Machines (formerly C23) 
Alternators, Synchronous Motors and Synchronous Ma- 
chines in General (formerly C24) 

Induction Motors and Induction Machines in General 
Induction Motors and Induction Machines in General, Rat- 
ing Provisions for (formerly C25a — 1928) 

Fractional Horsepower Motors (formerly C26) 

Street Traffic Signs, Signals and Markings, Code of 
Seven-Inch, 82-lb. Plain Girder Rail and Splice Bar for 
Use in Paved Streets. Design for 
Seven-Inch, 92-lb. Plain Girder Rail and Splice Bars for 
Use in Paved Streets, Design for 
Materials for Use in the Manufacture of Special Track 
Woric Specifications for 

Seven-Inch 102-lb. Plain Girder Rail and Splice Bars for 
Use in Paved Streets, Design for 
Zinc Coating of Iron and Steel, Specifications for 
Cross Ties and Switch Ties, Specifications for 
W^ood, Methods of Testing 
Wood Poles, Specifications for 

Protection the Heads and Eyes of Industrial Workers. 
Safety Code for. 

Industrial Sanitation, Safety Code for 
Ventilation Code 

Scientific and Engineering Symbols and Abbreviations 
Petroleum Products and Lubricants, Methods of Testinir 
Drawings and Drafting Room Practice 
Graphics, Standards for 
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To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects : 

(1) Revision of Manual (Appendix A). 

(2) Track anchorage over bridges and similar structures (Ap- 
pendix B). 

(7) Use of copper-bearing steel for structural purposes (Appendix C). 

(10) Specifications for punched and reamed work (Appendix D). 

(11) Longitudinal forces as they apply to railway bridge superstruc- 
tures and sub-structures (Appendix E). 

(12) Design for rivet heads for steel structures (Appendix F). 


Action Recommended 

(1) That the changes in the Manual in Appendix A be approved and 
the revisions substituted for the present recommendations in the Manual. 

(2) That the report on track anchorage over bridges and similar struc- 
tures (Appendix B) be received as information. 

(7) That the report on use of copper-bearing steel for structural pur- 
poses (Appendix C) be received as information. 

(IQ) That the report on the specifications for punched and reamed work 
(Api)endix D) be approved and the revision substituted for the present 
recommendations in the Manual. 

(11) That the report on longitudinal forces as they apply to railway 
bridge superstructures and sub-structures (Appendix E) be received as 
information. 

(12) That the report on design for rivet heads for steel structures 
(Appendix F) be received as information. 

Respectfully submitted, 

The Committee on Iron and 
Steel Structures, 

A. R. Wilson, Chairman. 
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Appendix A 


(1) REVISION OF MANUAL 

I. L. Simmons, Chairman, Sub-Committee; J. E. Bernhardt, O. F. Dalstrom, 
B. R. Leffler, P. B. Motley, O. E. Selby. 

This Committee makes the following report and recommend that it be 
approved and the revisions substituted for the present recommendations in 
the Manual: 

That Article 1518, Specifications for Steel Highway Bridges, page 1221, 
of 1929 Manual, the definition of “p” be changed to read, “Allowable unit 
stress for the column in question.” 

That Specifications for Steel Railway Bridges, appearing in the 1929 
Manual be revised as follows; 

Paragraph 8, page 1073, be changed to read : 

“Structures shall be made wholly of structural steel except where other- 
wise specified. Rivet steel shall be used for rivets only. Forged steel 
shall be used for large pins, large expansion rollers and other parts if 
specified by the Engineer. Cast steel preferably shall be used for shoes 
and bearings. Cast iron may be used only where specifically authorized by 
the Engineer.” 

Page 1091, Article XI, “Materials,” be revised to include Specifications 
for Forged Steel. 

and that the order of the subjects be as follows:* 

(a) Structural and Rivet Steel. 

(b) Forged Steel. 

(c) Cast Steel. 

(d) Cast Iron. 


(b) Forged Steel 


Process 

182. The steel shall be made by either or both of the following 
processes: open-hearth or electric- furnace. 

Prolongation for Tests 

183. Unless otherwise specified, for test purposes at least 20 per cent 
of the forgings shall be provided with prolongations or, at the manufacturers' 
option and expense, a forging may be selected. 

Heat Treatment 

184. Forging shall be annealed. The procedure to be followed in 
annealing shall consist in allowing the objects, immediately after forging, 
to cool to a temperature below the critical range, under suitable conations 
to prevent injury by too rapid cooling. They shall then be uniformly 
reheated to the proper temperature to refine the grain (a group thus 
reheated being known as an “annealing charge”), and allowed to cool 
uniformly. 
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Chemical Composition 

185. The steel shall conform to the following requirements as to 
chemical composition : 

Manganese, per cent 0.40-0.80 

Phosphorus, per cent : 

Acid Not over 0.05 

Basic Not over 0.05 

Sulphur, per cent Not over 0.05 

Ladle Analyses 

186. An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of carbon, manganese, phosphorus 
and sulphur. This analysis shall be made from a test ingot taken during 
the pouring of the melt. The chemical composition thus determined shall 
be reported to the Engineer, and shall conform to the requirements specified 
in Section 185. 


Check Analyses 

187. An analysis may be made by the Engineer from a forging repre- 
senting each melt. The chemical composition thus determined shall conform 
to the requirements specified in Section 185. Drillings for analysis may be 
taken from the forging or from a full-size prolongation of the same, at any 
point midway between the center and surface of solid forgings^ and at any 
point midway between the inner and outer surfaces of the wall of bored 
forgings ; or turnings may be taken from a test specimen. 


Physical Properties 

188. (a) The forgings shall conform to the following require- 

ments as to physical properties: 


Tensile Strength, lb. per sq. in. min. 

Not over 12 in. diam 

Over 12 in. to 20 in. diam, incl 

Yield Point, minimum lb. per sq. in.: 

Not over 12 in. diam* 

Over 12 in. to 20 in. diam., incl 

Elongation in 2 in. minimum per cent : 

Not over 12 in. diam 


Over 12 in. to 20 in. diam., incl 
Reduction of area, min. per cent: 
Not over 12 in. diam 


Over 12 in. to 20 in, diam., incl 


0.5 

0.5 

1.700.000 

Not 

Tens. Str. 

1.600.000 

Not 

Tens. Str. 

2.700.000 

Not 

Tens. Str. 

2.520.000 

Not 

Tens. Str. 


.. 60,000 
.. 60,000 

tens. str. 
tens. str. 


under 25 


imder 24 


under 38 


under 36 


(b) The classification by size of the forging shall be determined by 
the specified diameter or thickness which governs the size of the pro- 
longation from which the test specimen is taken. 

(c) The yield point shall be determined by the drop of the beam of 
the testing machine. 

(d) Tests of forgings shall be made only after final treatment. 
Tension Test Specimens 

189. (a) Tension test specimens shall be taken from a full-size pro- 

longation of any forging. For forgings with large ends or collars the 
prolongation may be of the same cross-section as that of the forging back 
of the large end or collar. Specimens may be taken from the forging itself 
with a hollow drill, if approved by the Engineer. 
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(b) The axis of the specimen shall be located at any point midway 
between the center and surface of solid forgings, and at any point midway 
between the inner and outer surfaces of the wall of bored forgings, and shall 
be parallel to the axis of the forging in the direction in which the metal 
is most drawn out. 

(c) The specimens shall conform to the dimensions shown in Fig.^ 5, 
Section 172. The ends shall be of the form to fit the holders of the testing 
machine in such a way that the load shall be axial. 

Number of Tests 

190. Tests shall be made as follows : 

(a) One tension test shall be made from each annealing charge. If 
more than one melt is represented in an annealing charge one tension test 
shall be made from each melt. 

(b) If any test specimen shows defective machining or develops flaws, 
it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any test specimen is less than 
that specified in Section 188 (a) and any part of the fracture is more than 
^ in. from the center of the gage length, as indicated by scribe scratches 
marked on the specimen before testing, a retest shall be allowed. 

Retests 

191. If 'the result of the physical tests of any test lot of forgings do 
not conform to the requirements specified, the manufacturer may retreat 
such lot one or more times and retests shall be made as specified in Section 


Finish 

192. The finished material shall be free from injurious defects and 
shall have a workmanlike finish. 

Identification Marks 

193. The name or brand of the manufacturer and the melt number 
shall be legibly stamped or rolled on the finished material, except that rivet 
and lattice bars and other small sections shall, when loaded for shipment, 
be separated and marked for identification. The identification marks shall be 
legibly stamped on the end of each pin and roller. The melt number shall 
be legibly marked by stamping if practicable, on each test specimen. 

Inspection 

194. The Inspector representing the Company shall have free entry, at 
all times while work on the contract of the Company is being performed, to 
all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. The manufacturer shall afford* the Inspector free of 
cost all reasonable facilities to satisfy him that the material is being fur- 
nished in accordance with these specifications. Inspections and tests (except 
check analyses) shall be made at the place of manufacture prior to ship- 
ment, unless otherwise specified, and shall be so conducted as not as 
interfere unnecessarily with the operation of the works. 

Rejection 

195. Unless otherwise agreed, any rejection based on analysis made 
in accord^ce with Section 187 shall be reported within five working days 
from receipt of samples. 

Material which shows any injurious defect subsequent to its acceptance 
at the m^ufacturer’s works will be rejected, and the manufacturer shall 
be notified. 

Specimens analyzed in accordance with Section 187, which represent 
rejected material, shall be preserved for two weeks from the date of the 
test report. In case of dissatisfaction with the result of the tests, the manu- 
facturer may make claim for a rehearing within that time. 
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Appendix B 

(2) TRACK ANCHORAGE OVER BRIDGES AND SIMILAR 
STRUCTURES 

W. S. Lacher, Chairman, Sub-Committee; R. P. Davis, S. Hardesty, J. B. 

Hunley, M. S. Ketchum, G. A. Haggander, B. R. Leffler, P. B. Motley, 

C. E. Sloan, G. H. Trout, R. A. Van Ness, H. S. Loeffler, J. M. Salmon. 

This Committee makes the following report and recommends that it be 
received as information. 

Anchoring track on bridges, as used in the instructions to the Committee, 
is assumed to mean the securing of the track rails against longitudinal move- 
ment relative to the bridge on which they are supported. As the anchoring 
of rails in ballasted track on a bridge intrtxiuces no problem not encountered 
in track on roadway, the Committee has limited its consideration of the 
subject to tracks on unballasted structures. 

That rails do move relative to the bridge floors on which they are 
supported is common knowledge, but there are wide variations in experience 
as to the intensity and prevalence of such" movement and corresponding 
variance in opinion as to the need for measures to prevent it In answer to 
a questionnaire addressed to bridge engineers of railways in the United 
States and Canada, to which 47 replies were received (representing an 
aggregate of 212,550 main-line miles), 23 stated that the anchorage of track 
was a problem worthy of study, although 11 considered it of importance 
only under certain circumstances; 11 others considered anchorage of rails to 
bridges unnecessary and 12 others did not answer the question directly. Of 
those who deem anchoring on bridges unnecessary, the majority report that 
the anchorage of the track on the approach embankments has proved thor- 
oughly effective in preventing movement of rails on bridges. On the whole, 
however, there is common agreement that the creeping of rail on bridges 
should be stopped if it is practicable to do so without introducing conditions 
of a more objectionable nature. In bridges embracing movable spans, it is 
obvious, of course, that the position of the rails at the rail locks must be 
fixed ; and suitable means to hold the rails in place are always employed. It 
is a fact, however, that this is being accomplished in some cases by holding 
only short sections of rail on the fixed spans adjacent to the movable span, 
allowing the rail on the remaining portions of the fixed structure to run 
through switch points provided for this purpose. 

A clearer insight on that attitude toward the practice of anchoring track 
on bridges is afforded on the following resume of prevailing practice obtained 
from replies to the questionnaire. 


Do not anchor on bridges at all, or only bridges with 

movable spans 21 

Find it unnecessary to use anchors because bridges on 

road are short 2 

Anchor on all or most bridges 8 

Anchor on longer bridges or spans 9 

Anchor on bridges “where necessary” 7 


47 
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Replies to the question raised as to difficulties encountered by reason of 
the use of anchors are surnmarized below. 


No trouble 13 

Distorted the track 1 

Distorted trestles 4 

Bunched and split the ties ... 4 

Bunched and split the ties in cases where slot-spiking 

served as the anchorage 1 

No trouble where the anchorage provided on both the 

bridge and the approach banks is adequate 3 

No reply 21 


47 

It is clear from this summary that efforts to anchor the rails to the 
bridge deck have not always been attended with satisfactory results. This 
is not surprising because such efforts have been made without the benefit 
of even approximate data as to the forces to be resisted. That these forces 
are of considerable magnitude is well loiown to every trackman, and three 
of the replies to the questionnaire report cases where trestles on which the 
rails had been anchored were moved in a longitudinal direction to an extent 
that resulted in decided leaning of the bents. In two cases, the conditions 
reported were so severe as to require additional longitudinal bracing. Five 
replies report distortion of the track or injury to some portions of the deck, 
primarily the ties. 

In contrast with these experiences is the fact that 13 roads report no 
trouble that may be ascribed to the practice of anchoring and that three 
experienced no trouble in cases where the anchorage provided on both the 
bridge and approach embankments was “adequate.” For example, the experi- 
ence of the Southern, which recently adopted the practice of anchoring the 
rails on bridges, is reported bj" J. B. Akers, Assistant to Vice-President, as 
follows : “We had theories as to what w^ould happen, but since anchoring 
track on bridges where creeping had occurred, found better conditions than 
ever before.” 


No General Rule Can Be Given 

The design of a structure subjected to forces incapable of accurate or 
even approximate determination must necessarily proceed along empirical 
lines. It is necessary to rely on experience in the proportioning of the 
parts. Therefore, in dealing with the running of rails on bridges, it is neces- 
sary to follow the same practice that has prevailed in the anchoring of 
track on roadbed, nameb'-, to apply as many anti-creeping devices of suitable 
design as are found necessary under individual circumstances. Experience 
on a considerable number of roads indicates that thorough anchorage of 
the track on approach embankments makes it unnecessary to provide means 
of securing the rails against movement on bridges of moderate length. It 
follows, therefore, that it would be questionable practice to attempt to hold 
the rails against movement on a bridge without insuring that anchorage on 
the approaches was thoroughly effective. This point is. clearly brought out 
in the statement by W. H. Kirkbride, Chief Engineer Maintenance of Way, 
Southern Pacific, Pacific System: 
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“There is no objection to anchoring track on bridges or trestles if the 
track adjacent to the structure is anchored sufficiently to bear its proper 
resistance to the rail movement. The objection to this practice becomes 
apparent when the bridge bears more than its proportion of this resistance 
through the absence of sufficient anchorage on the approach embankments.” 

Controlling the creeping of rails on open-deck bridges imposes three 
requirements — means of holding the rails against longitudinal movement 
relative to the ties, means of preventing the movement of the ties on the 
stringers or girders and the satisfactory solution of certain problems of 
anrchorage imposed by reason of change in length of bridge spans under 
varying conditions of load and temperature. Except in the case of the breaks 
in rails at the ends of movable spans, it appears that means are rarely 
provided for anchoring the rails direct to the steelwork. 

Of those roads that anchor the rails on bridges, 19 employ commercial 
anti-creepers to transmit the longitudinal force from the rails to the ties; 
six employ special construction; while four roads report the use of both 
commercial anti-creepers and anchors of special design. 

Methods of Anchoring 

As practice with respect to the number of anchors used varies with the 
requirements as determined by local experience, no general statement as to 
the number used is possible. However, information was obtained from 
18 railways as to the general rules observed in applying anchors. The data 
are summarized in the table supplemented by several sketches. 

The anchors are applied as in track on roadbed, taking into account 
the prevailing direction of the creeping or, in some cases on single-track 
bridges, to resist movement in either direction. The location of the anchors 
is influenced largely by the means provided for anchoring the ties to the 
structure. As the most common practice is to secure the third, fourth or 
even the sixth tie to the stringer by hook bolts, the tie so fastened is selected 
for the application of the rail anchors. Three roads report the use of small 
angles riveted to the top flange of the stringer with its vertical leg bearing 
against the tie or the side opposite to that against which the anchors bear. 
In two cases dependence is placed, on deck girders, on the resistance 
afforded by rivet heads allowed to crush into the ties or bearing against the 
sides of slots cut into the ties. On one railway the anchors are placed on the 
ties in through bridges that are in contact with floor beams. 

In outlining practice with respect to the distribution of the anchors, 
most of the data obtained imply a taiore or less uniform distribution expressed 
in such terms as “four to six i>er rail,” “approximately 10-ft. centers,” ‘*on 
ties adjacent to floor beams,” etc. In only three replies to the questionnaire 
is specific reference made to any consideration of the location of expansion 
bearings of bridge spans in relation to the placing of the anchors. On three 
roads, namely, the Chicago, Burlington & Quincy, the Baltimore & Ohio 
and the Northern Pacific, it is the practice to concentrate the anchors on 
several ties near the fixed ends of spans. It is possible that other roads, con- 
cerning which the Committee has no information, observe this same rule. In 
the opinion of the Committee failure to take into account, in this or some 
other way, the changes in the width of the gap between spans over expansion 
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bearings must surely lead to damage to the ties to which anchors are applied 
or the slipping of the anchors. It is possible that some of the difficulties 
experienced in the use of rail anchors on bridges may have resulted from 
this cause. 


Conclusions 

(1) As the magnitude of the forces causing rails to creep is unknown, 
the anchoring of rails on bridges may impose longitudinal forces to the 
structure for which adequate provision has not been made in the design. 

(2) The creeping of rails in the tracks approaching the bridge must 
be controlled on the approaches. 

(3) In cases where the effect of traffic on the track on the bridge 
results in creeping of rails to such an extent as to render it difficult to 
maintain a uniform distribution of the expansion allowance at the rail joints 
on the bridge or prove otherwise objectionable, anchorage may be provided 
on the bridge, provided the track on the approaches is effectively anchored. 

(4) If under the conditions outlined in paragraph 3, it is deemed 
advisable to allow the rails on the bridge to run, switch points or suitable 
slip joints must be provided on the embankment at both ends of the 
structure. 


Appendix C 

(7) COPPER-BEARING STEEL FOR STRUCTURAL 
PURPOSES 

F. P. Turner, Chairman, Sub-Committee; P. S. Baker, A. W. Carpenter, 

Thos. Earle, W. S. Lacher, C. H. Mercer, C. E. Sloan, G. H. Trout, 

H. S. Loeffler, R. A. VanNess. 

This Committee makes the following report and recommends that it be 
received as information: 

The report of this Sub-Committee, as shown upon page 1015 of 
A.R.EA.. Bulletin 314, February, 1929, contains the most conclusive informa- 
tion found on record, in which the value of copper-bearing steel has actually 
been determined from service tests, in that part of the report referring to its 
use and service in the manufacture of tie plates and in the manufacture of 
freight cars. Reference is also made to information on this subject, as 
printed in A.R.E.A. Bulletin 322, December, 1929, pages 974 and 975. 

Information recently collected from four large manufacturers indicates 
an increased use of copper-bearing steel for structural purposes, and the 
tonnage manufactured during the year 1929 was more than 50 per cent 
greater than that manufactured during the year 1928, Reports received show 
that four of our largest railroad systems are now specifying copper-bearing 
steel for railway bridges, and there is also an increase in the use of this 
material for turntables, and for roof and side panels on steel buildings. 

During the past year one of our largest eastern cities has purchased 
copper-bearing structural steel for a bascule highway bridge and approaches. 
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Appendix D 

(10) PUNCHED AND REAMED WORK 

F. O. Dufour, Chairman, Sub- Committee; Thos. Earle, G. A. Haggander, 
H. S. Loeffler, Albert Reichmann, O. E. Selby, W. A. Slater, H. B. 
Stuart, G. H* Tinker, F. P. Turner. 

At the Convention held March, 1928, this Committee recommended: 
That Article XII, Workmanship, in General Specifications for Steel Railwas^ 
Bridges, as issued August, 1925, Third Edition, be revised and received as 
information (see Appendix A — Report of Committee on Iron and Steel 
Structures — Proceedings Vol. 29, page 367). 

At the Convention held March, 1929, this Committee furnished data and 
the results of a series of experiments (see Appendix F — ^Report of Com- 
mittee on Iron and Steel Structures — Proceedings Vol. 30, page 1078) 
covering punched and reamed work. 

This Committee makes the following report and recommends that it be 
approved and the revisions substituted for the present recommendations in 
the Manual. 

GENERAL SPECIFICATIONS FOR STEEL RAILWAY 
BRIDGES 

For Fixed Spans Less Than 300 Feet in Length 
(XII) WORKMANSHIP 

General 

206. The workmanship and finish shall be equal to the best general 
practice in modem bridge shops. Material at the shops shall be kept clean 
and protected from the weather as far as practicable. 

Straightening Material 

207. Rolled material, before being laid off or worked, must be straight. 
If straightening or flattening is necessary, it shall be done by methods that 
will not injure the material. Sharp Idnks and bends may be cause for 
rejection. 

Finish 

208- Shearing and chipping shall be neatly and accurately done and 
all portions of the work exposed to view shall be neatly finished. 

Punching and Reaming 

209. All main material, forming parts of a member composed of not 
more than 3 thicknesses of metal, may be punched with a punch ^ in. 
larger than the nominal size of the rivets, whenever the thickness of the 
metal is not greater than 5^ in. When there are more than 3 thicknesses of 
main material, or when any of the main material is thicker than §4 in., all of 
the holes shall be punched with a punch ^ in. smaller, and after assembling 
reamed ☆ in. larger than the nominal size of the rivets, except that when 
the metal is thicker than the size of the rivet minus ^ in., the holes shall 
be drilled. 

210. Material % in. or less, in thickness used for lateral, longitudinal 
and sway bracing, lacing, stay plates and diaphragms, may be punched with 
a punch ^ in. larger than the nominal size of the rivet 
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211. The diameter of the die shall not exceed the diameter of the punch 
by more than #2 in. If any holes must-be enlarged to admit the rivets, they 
shall be reamed. Holes must be clean cut, without torn or ragged edges. 
Poor matching of holes may be cause for rejection. 


Reaming After Assembling 

212. Reaming shall be done after the pieces forming a built member 
are assembled and so firmly bolted together that the surfaces are in close 
contact. Burrs on the outside surface shall be removed. The pieces shall 
be. taken ^ apart before riveting, if necessary, and any shavings removed. 
When it is necessary to take the members apart for shipping or handling, the 
pieces reamed together shall be so marked that they ‘ may be reassembled 
in the same position in the final setting up. No interchange of reamed 
parts will be permitted. 

213. The holes shall be cylindrical, perpendicular to the member, and 
not more than in. larger than the nominal size of the rivets. Reamers 
preferabh" shall not be directed by hand. 


Drilled Holes 

214. Drilled holes shall be tSj- in. larger than the nominal size of the 
rivet. Burrs on the outside surfaces shall be removed. Drilling shall be 
accurately done and poor matching of holes may be cause for rejection. 

Reaming and Drilling 

215. Reaming and drilling shall be done with twist drills. 

Shop Assembling 

216. The parts of riveted members shall be well pinned and firmly 
drawn together with bolts before riveting is commenced. The drifting done 
during assembling shall be only such as to bring the parts into position and 
not sufficient to enlarge the holes or distort the metal. 

Field Connections 

217. ^ Solid floor sections shall be assembled to the girders or trusses, 
or to suitable frames, in the shop, and the end connections made to fit. 

218. Riveted trusses shall be assembled, either in whole or in part, in 
the^ shop to line and fit and the holes for field connections drilled or reamed 
while so assembled; or else these connections shall be reamed to proper 
metal templates so placed as to result in fair holes for the connections. 
Holes for^ other field connections, except those in lateral, longitudinal and 
sway bracing, shall be reamed or drilled to a metal template. 

Match-Marlring 

219. Connecting parts assembled in the shop for the purpose of ream- 
ing or drilling holes in field connections shall be match-marked, and a dia- 
gram showing such marks shall be furnished the Engineer. 

Rivets 


g-ivets before heating shall be of the size called for on the plans. 
221. Rivet heads shall be of approved shape and of uniform size, for 
the s^e diameter of rivet. They shall be full, neatly made, concentric with 
the rivet holes, and m full contact with the surface of the member 


Riveting 

2^. Rivets shall be heated uniformly to a light cherry red and driven 
while hot. They shall be free from slag, scale, and carbon deposit. When 
driven, they shall completely fill the holes. Loose, burned, or otherwise 
defective rivets shall be replaced. In removing rivets, care shall be taken 
not to injure the adjacent metal and, if necessary, they shall be drilled out. 
Caulking or recupping will not be permitted. 
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223. Rivets shall be driven by direct-acting riveters where practicable. 
The riveters shall retain the pressure after the upsetting is completed. 

224. ^ When rivets are driven with a pneumatic riveting hammer, a 
pneumatic bucker shall be used for holding up, when practicable. 

Field Rivets 

225. Field rivets shall be furnished in excess of the nominal number 
required to the amount of 15 per cent, plus ten rivets, for each size and 
length. 

226. Field rivets shall be free from fins on the under side of the head. 
Turned Bolts 

227. Where turned bolts are used to transmit shear, the holes shall be 
reamed parallel and the bolts shall make a tight fit with the threads entirely 
outside of the holes. A washer not less than in. thick shall be used under 
each nut. Turned bolts shall have the thread iV in. less in diameter than the 
body of the bolt and the bolt shall be ^ in. less than the diameter of 
the hole. 

Planing Sheared Edges 

228. Sheared edges of main material more than ^ in. thick shall be 
planed to a depth of 54 in. Reentrant cuts shall be filleted before cutting. 

Flame cutting of main material will not be permitted unless approved 
by the Engineer. 

Lacing Bars 

229. The ends of lacing bars shall be neatly rounded, unless otherwise 
called for. 

Fit of StijEfeners 

230. Stiffeners under the top flanges of deck girders and at all bear- 
ing points shall be milled or ground to bear against the flange angles. 
Other stiffeners must fit sufficiently tight against the flange angles to exclude 
water after being painted. Fillers and splice plates shall fit within 54 Iti- 
at each end. 

Web Plates 

231. Web plates of girders which have no cover plates may be 54 
in. above or below the backs of the top flange angles. Web plates of girders 
which have cover plates may be 54 in. less in width than the distance back 
to back of flange angles. - 

232. When web plates are spliced, not more than ^4 in, clearance 
between ends of plates will be allowed. 

Facing Floor Beams, Stringers and Girders 

233. Floor beams, stringers and girders having end connection angles 
shall be made of exact length. If facing is necessary, the thickness of the 
end connection angles shall not be reduced more than ^ in. at any point. 

Webs shall be within 54 in. of back of end connection angles. 

Finished Members 

234. Finished members shall be true to line and free from twists, bends 
and open joints. 

Abutting Joints 

235. Joints and splices in compression members and girder flanges, 
and in tension members where so specified on the drawings, shall have the 
abutting surfaces faced and brought to an even bearing. Where joints are 
not fac^, the opening shall not exceed 54 in. 
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Eye-Bars 

236. Eye-bars shall be straight, true to size, and free from twists, folds 

in the neck or head, and other defects. The heads shall be made by upset- 
ting, and rolling or forging. Welding will not be allowed. The thickness 
of tlie head and neck shall not overrun more than ^ in. for bars 8 in. or 
less in width, bars more than 8 in. and not more than 12 in. in 

widtli, and sW in. for bars more than 12 in. in width. 

237. Eye-bars which are to be placed side by side in the structure shall 
be bored so accurately that, upon being placed together, the pins will pass 
tlirough the holes at both ends at the same time without driving. Eye-bars 
shall have both ends bored at the same time. 

Annealing 

238. Eye-bars shall be annealed by heating uniformly to the proper 
temperature followed by slow and uniform cooling. Proper instruments 
shall be provided for determining at all times the temperature of the bars. 

239. Otlier steel which has been partially heated shall be annealed 
except where used in minor parts. 

Boring Pin Holes 

240. Pin holes shall be bored true to gage, smooth, straight at right 
angles with the axis of the member and parallel with each other, unless 
otherwise required. The variation from the specified distance from outside 
to outside of pin holes in tension members, or from inside to inside of pin 
holes in compression members, shall not exceed ^ in. for each 75 ft. or 
fraction thereof in length. In built-up members the boring shall be done 
after the member is riveted. 

Boring Pins 

241. Pins more than 9 in. in diameter shall have a hole bored longi- 
tudinally through the center of each not less than 2 in. in diameter. 

Pin Clearances 

242. The difference in diameter between the pin and the pin hole shall 
be in. for pins up to 5 in. in diameter, and ^ in. for larger pins. 

Pins and Rollers 

243. Pins and rollers shall be accurately turned to gage and shall be 
straight, smooth and free from flaws. 

Screw Threads 

244. Screw threads shall make close fits in the nuts and shall be U.S. 
Standard, except that for pin ends of diameters greater than in. they 
shall be made with six threads to an inch. 

Forging Pins 

245. Pins more than 7 in. in diameter shall be forged and annealed. 
Bearing Surfaces Planed 

246. The top and bottom surfaces of base and cap plates of columns 
and pedestals shall be planed, or else hot-straightened and parts of members 
in contact with them shall be faced to fit. Connection angles for base plates 
and cap plates shall be riveted to compression members before the members 
are faced. 

247. Sole plates of plate girders shall have full contact with the girder 
flanges. Sole plates and masonry plates shall be planed or hot-straightened. 
Cast pedestals shall be planed on the surfaces in contact with steel and on 
surfaces resting on masonry. 

Pilot Nuts 

248. Two pilot nuts and two driving nuts shall be furnished for each 
size of pin, unless otherwise specified. 
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Appendix E 

(11) LONGITUDINAL FORCES AS THEY APPLY TO RAIL- 
WAY BRIDGE SUPERSTRUCTURES AND SUBSTRUC- 
TURES 

W. S. Lacher, Chairman, S ub- Committee ; G. A. Haggander, R. P. Davis, 
Shortridge Hardesty, J. B. Hunley, AI. S. Ketchum, B. R. Leffler, P. B. 
Motley, C. E. Sloan, G. H. Trout, R. A. VanNess, H. S. Loeffler, 
J. M. Salmon. 

This Committee makes the following report and recommends that it 
be received as information: 

Two sources of longitudinal forces to which bridges are subjected, 
namely, the application of brakes and the tractive effort of locomotives, were 
discussed in the report presented by your Committee at the convention in 
1930 and which appears on page 997, Vol. 31, of the Proceedings. In that 
report, the Committee determined upon 25 per cent of the weight on locomo- 
tive driving wheels as the value to be used in taking account of the tractive 
effort. 

The report also reviewed current practice in the proportioning of air 
brake apparatus on various classes of equipment, and explained the method 
of determining the retarding force that is applied to the rails by the wheels 
of cars and locomotives under full-service brake applications. This method 
has been applied to various classes of equipment for the purpose of deter- 
mining how the retarding force in each case compares with the loaded weight 
of the equipment, that is, weight in working order for locomotives and weight 
under “load limit” lading in the case of freight cars. 

These calculations show that in locomotives the retarding force is 
equal to about 13 per cent of the weight in working order. In freight train 
cars it is less than four per cent of the weight under full load, except in the 
case of refrigerator cars, but even with these the retarding force is less than 
four per cent of Cooper’s E50 loading. 

The retarding force exerted by the brakes of a standard Pullman sleep- 
ing car, as demonstrated in the report cited above, is equal to 325 lb. per ft. 
of track and is equivalent to the following percentages of the trailing load 
for different loadings. 


Retarding Force Produced 
by a Pullman Sleeper in Per 
Loading Cent of Trailing Live Load. 

E50 6,5 per cent 

E60 5.4 per cent 

E70 ’ 4.6 per cent 

E80 4,1 per cent 

E90 3.6 per cent 


It will be observed that the Pullman sleeper or passenger train car of 
equivalent weight produces a greater retarding force than any freight train 
cars except those heavier than the equivalent of E80 loading. 
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Wind 

The effect of a tail wind or one having an appreciable longitudinal com- 
ponent is another factor to be taken into account. Structural engineers 
deal with wind loads as pressures normal to the surface, but in dealing with 
a head wind or a tail wind acting on a train, skin friction or viscosity 
resistance becomes a factor. This has been the subject of research in con- 
nection with the problem of aeronautics, but with masses and areas of 
such proportions that the results obtained cannot be applied to railway trains 
with much confidence. 

The converse of the problem — ^the effect of air resistance as a factor 
of speed resistance was the subject of experiments on small models by Sol- 
berg at Purdue University in 1895-96, reported in Goss’ Locomotive Perform- 
ance (1906). These studies gave rise to empirical formulas and tables of 
resistances for various speeds and lengths of trains. According to these, the 
air resistance at 100 m.p.h. ranges from 13.4 lb. per ft. of train for a train 
100 ft. long to 4.04 lb. for a train 1000 ft. long. 

These values compare favorably with those obtained by the application 
of formulas developed in aeronautical research, but it is generally agreed 
that the effect of wind or air resistance on trains cannot be accurately deter- 
mined without further research. However, it is clear that the effect of 
wind is small as compared with the other sources of longitudinal force and 
is of importance only as an added factor to be considered as acting simul- 
taneously with brake applications or tractive effort. Therefore, we are con- 
cerned only with such wind velocities as would be reasonably expected under 
normal train operation. Their effect, therefore, falls within the limits of 
established values for train resistance at high speeds. 

Conclusion 

In view of these considerations the Committee feels that the following 
clause covering the longitudinal force to be used in bridge design meets 
conditions now actually imposed and makes a reasonable allowance for pos- 
sible future increases in the power of brake equipment. 

Longitudinal Forces 

(A) Forces due to braking — 15 per cent of the weight of locomotives 
and tenders plus 5 per cent of the weight of the train load, but not less than 
350 lb. per ft of track, or 

(B) Forces due to traction — 25 per cent of the weight on driving 
wheels of locomotives. 
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Appendix F 

(12) DESIGN OF RIVET HEADS FOR STEEL STRUCTURES 

G. H. Tinker, Chairman, S ub- Committee ; R. P. Davis, C, S. Heritage, 
C. H. Mercer, Albert Reichmann, C. E. Sloan, J. M. Salmon, R. M. 
Stubbs, H. T. Welty. 

This Committee makes the following report and recommends that it be 
received as information: 

Function of Rivet Head 

Rivets are ordinarily designed for shear and bearing. Some experi- 
ments indicate that a riveted joint functions by friction between the parts. 
Whether or not this is true, it is essential that the parts be held in close 
contact. It is customary to assume that the shrinkage of rivets in cooling 
causes the heads to grip the parts tightly. In some cases the design is 
such that the rivet is in tension. Therefore, it seems that the bearing of the 
rivet head on the area of the ring surrounding the rivet hole and the shear 
value on the plane of the cylinder produced by the prolongation of the 
rivet shank through the head should each be equal to the value of the rivet 
shank in tension. 

Assuming the unit in shear at 54 tension and the unit in 

bearing at lj4 times the unit in tension, the diameter of the rivet head 
should be 1.3 times the diameter of the shank and the depth of the head 
on the prolongation of the rivet shank should be 5^4 the rivet diameter in 
order to produce conditions of equal strength. 

The driven heads shown in Table No. 2 have a diameter of times 
the diameter of the rivet shank plus in. and the depth of head on the 
prolongation of the shank is from .47 to .67 of the diameter of the rivet 
shank. 

These dimensions are in excess of the theoretical requirements and that 
tfiey are ample is shown by the fact that rivet heads of this shape do not 
fail in shear or bearing but the rivet shanks sometimes fail in tension. 

Button Head Rivets 

The shape of the mcuiufactured head before driving shall be as shown 
in Table No. 1. 

A variation of not more than ^ in. greater or ^ in. less than the 
nominal diameter of the head and of ^ in. greater than the nominal height 
of the head will be permitted. 

The shape of the driven heads shall be as shown in Table No. 2. 
Button head rivets may have a iV in. fillet under the head but shall be 
free from fins. 

Countersunk Head Rivets 

The shape of the manufactured head shall be as shown in Table No. 3. 
There shall be no fillet between the under-side of the head and the shank. 
No fins will be permitted. 

A variation of not more than ^ in. less than the nominal height of 
the head will be permitted. 
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REPORT OF COMMITTEE XII— RULES AND 
ORGANIZATION 


E. H. Barnhart, Chairman: 
J. P. Anderson, 

F. W. Armistead, 

F. Auryansen, 

W. E. Baker, 

W. C. Barrett, 

D. P. Beach, 

L. D. Beatty, 

Richard Brooke, 

H. L. Browne, 

C. J. Chase, 

P. D. Coons, 

J. L. Downs, 

A. L. Fisher, 


R. E. Warden, Vice-Chairman; 
A. B. Griggs, 

C. D. Harding, 

F. Highleyman, 

A. A. Jackson, 

A. R. Jones, 

B. R. Kulp, 

R. D. Martin, 

R. E. Patterson, 

R. N. Priest, 

W. E. Simpson, 

W. H. Wheaton, 

F. B. WlEGAND, 

Committee. 


To the Americaji Railzuay Engineering Association: 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects: 

(1) Revision of Manual, collaborating with appropriate Committees 
(Appendix A). 

(2) Rules for the guidance of employees of the Maintenance of Way 
Department, with special reference to : 

(a) Maintenance of Bridges, collaborating with Committees 
VII — ^Wooden Bridges and Trestles, VIII — Masonry, and 
XV — Iron and Steel Structures (Appendix B). 

(b) Maintenance of Structures other than buildings, collaborat- 
ing with Committees VI — ^Buildings, XIV — ^Yards and Ter- 
minals, and XXIII — Shops and Locomotive Terminals 
(Appendix C). 

(c) Maintenance of telegraph and telephone lines and appur- 
tenances, collaborating with Telegraph and Telephone 
Section, A.R.A. 

(3) Titles employed to designate positions of corresponding rank in 
maintenance of way service, subordinate to that of Division Engineer 
(Appendix D). 

(4) Rules for fire prevention as applying to Maintenance of Way 
Department, collaborating with the Railway Fire Protection Association. 

(5) Collaborate with committees of the National Council of State 
Boards of Engineering Examiners, American Engineering Council, Amer- 
ican Society of Civil Engineers, and other national organizations on codi- 
fication of existing engineering registration laws in the United States and 
coimtries contiguous thereto and keep the Association informed of progress 
of same (Appendix E). 


Action Recommended 

(1) The Committee offers in Appendix A, for approval and printing 
in the Manual, additional rules for employees working on or about the track 
to be known as Rules 212 to 214, inclusive, to be inserted following Rule 211 
on page 803 in Manual of 1929. 


Bulletin 330* October* 1930. 
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The Committee also offers in Appendix A, for approval and printing 
in the Manual, a revision of Rule 952, shown on page 839 of the 1929 
Manual, under the heading “Buildings.” There are also offered for approval 
and printing in the Manual three new rules. Nos. 170 to 172, inclusive, to 
appear in the Manual following Rule 158, page 803, under a new heading : 
“Rules for Governmext of Employees Engaged in Maintenance of 
Buildings and Structures.” These three new rules and revision of Rule 
952 have the appro\’al of Committee VI — Buildings and Committee XV — 
Iron and Steel Structures. 

(2a) The Committee offers for approval and printing in the Manual, 
Rules 1200 to 1220, inclusive, shown in Appendix B — Rules for Mainte- 
nance of Bridges — Wooden Structures. Thes« rules have the approval 
of Committee VII — Wooden Bridges and Trestles. 

(2b) The Committee offers for approval and printing in the Manual, 
Rules 1250, 1261-1264, 1270-1274, 1280-1287 and 1290-1297, shown in Ap- 
pendix C, being Rules for Maintenance of Other Terminal Structures — Oil 
Houses, Coaling Stations, Cinder Pits, Turntables and Track Scales. These 
rules have the approval of Committees VI — Buildings, XIV — Yards and 
Terminals, and XXIII — Shops and Locomotive Terminals. 

(2c) The Committee has had several conferences with a committee of 
Telegraph and Telephone Section, A.R.A., extending over a period of several 
years. Prior to the 1930 Convention the Committee selected a number of 
general rules from the Manual of the Telegraph and Telephone Section, 
A. R. A., which it felt were valuable for employees of the Maintenance of 
Way Department engaged in telegraph and telephone work and requested 
permission to print these rules in the A.R.E.A. Manual, giving proper 
recognition to the Telegraph and Telephone Section of the AR.A. This 
permission was not granted by the Telegraph and Telephone Section of the 
A.R.A. and the question w’as referred to the Board of Direction for further 
instructions. Up to the time of the submission of this report a decision has 
not been reached. 

(3) The Committee offers as information in Appendix D titles of 
Assistant Engineer and Foremen in the Maintenance of Way Department. 

A summary of replies to questonnaire sent to representative railways of 
the United States and Canada is shown as Appendix D. 

While some of the titles are not employed on a number of the railways, 
they are either employed on a large majority of these replying to the ques- 
tionnaire, or are more commonly used than equivalent titles of the corre- 
sponding rank. A number of these titles have been in general use by this 
Association in the past. 

, It is the sense of the Committee that the titles shown on Appendix D 
are the proper titles to designate positions of corresponding rank in mainte- 
nance of way service and to promote uniformity in nomenclature. 

• (4) Considerable progress has been made by the Committee in con- 

nection with this assignment, but on account of the necessity of collaboration 
with the Railway Fire Protection Association, and the fact that the informa- 
tion was not completed in time for such collaboration, the Committee is not 
able to stlbmit a report this year, 
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(5) The Committee presents as information in Appendix E — “A 
Recommended Uniform Registration Law for Professional Engineers and 
Land Surveyors.” This law was compiled by a committee of representatives 
of the American Society of Civil Engineers, American Society of Mechanical 
Engineers, American Institute of Electrical Engineers, American Association 
of Engineers, New York State Society of Professional Engineers and Land 
Surveyors, and National Council of State Boards of Engineering Examiners, 
and has been adopted and endorsed by: 

American Society of Civil Engineers, April 21, 1930 
American Association of Engineers, April 26, 193Q 
American Institute of Consulting Engineers, June 4, 1930 
Oregon Technical Council, June 18, 1930 

Alinnesota State Board of Regis, for Architects, Engineers and 
Land Surveyors, June 23, 1930 
Maryland Association of Engineers — ^June 27, 1930 
South Carolina State Board of Engineering Examiners, July 
8, 1930 

South Carolina Society of Engineers, July 9, 1930 
Engineers Club of San Diego, July 10, 1930 
Chattanooga Engineers Club, August 23, 1930 
Iowa Board of Engineering Examiners, September 5, 1930 
Engineers and Architects Club of Louisville — September 5, 1930 

It has also been adopted as to form, but subject to necessary amend- 
ments applicable to individual states, by the National Council State Boards 
of Engineering Examiners at its Convention in Richmond, Va.. on October 
21, 1930. 

Respectfully submitted, 

The Committee on Rules and Organization, 

E. H. Barnhart, Chairman. 
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Appendix A 


(1) REVISION OF MANUAL 
P. D. Coons, Chairman, Sub-Committee. 


Rules for Employees Working on or About the Track (p. 803) 


Present Form 

New. 


New. 


New. 


Proposed Form 

212. Employees must not stand 
within swing of tools in hmids of 
workmen or in front of rivets or 
bolts being chiseled off. 

213. Brooms, bagging or sim- 
ilar material must be used when 
cutting off bolt heads, etc. 

214. Sledge and not spike 
mauls must be used to strike cutting 
and drilling tools. 


Buildings (p. 839) 


Present Form 

952. Small defects, such as 
broken glass, locks, wood work, etc., 
must receive prompt attention. 
Toilet facilities, water and sewer 
leads must be maintained in good 
order. Attention must be given to 
supplying durable hardware for all 
buildings, (p. 839) 


New (p. 803). 


New. 


New. 


Proposed Form 

952. Small defects, such as 
broken glass, locks, wood work, etc,, 
must receive prompt attention. 
Broken window glass must be care- 
fully removed by hand and not 
knocked out. Toilet facilities, water 
and sewer leads must be maintained 
in good order. Attention must be 
given to supplying durable hardware 
for all buildings. 

Heading — Rules for the Gov- 
ernment OF Employees Engage© in 
THE Maintenance of Buildings 
AND Structures. 

170. Employees ^ must stand 
clear of cable or chain when under 
strain and must not ride or hang on 
hook or load which is being hoisted. 

171. Employees must secure 
ladders against slipping before using 
and making use of a safety rope or 
belt when working outside of win- 
dows or on steep pitched roofs. 

172. Brooms, bagging or sim- 
iHr material must be used when cut- 
ting off rivets, etc. 


New. 
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Appendix B 


(2-A) RULES FOR MAINTENANCE OF BRIDGES— WOODEN 

STRUCTURES 

A. B. Griggs, Chairman, Sub-Committee. 

1200. Bridges must be kept in line and surface; bolts and nuts must 
be kept in proper place and adjustment; bents must be plumb, and stringers 
have adequate bearing on the caps; braces must be securely fastened. 

1201. All brush and rubbish which may tend to increase the fire hazard 
shall be kept clear of all wooden structures, and the ground scalped under 
the same. Facilities for extinguishing fires must be kept in good condition 
and receptacles kept filled. 

1202. When ordering treated timber, state exact sizes and lengths 
desired. Cutting treated timber to length in the field shortens its life and 
should be done only when unavoidable. 

1203. As far as practicable, all gaining, boring, sizing, and surfacing 
should be done before treatment, and must be so specified when ordering. 

1204. When cutting to length is unavoidable or when necessary to adze 
or otherwise disturb the surface of treated timber, such surfaces must be 
swabbed with a liberal quantity of hot preservative, followed by two applica- 
tions of hot sealing compound. 

1205. When necessary to bore treated timber in the field, all holes must 
be treated with hot preservative, followed by sealing compound applied hot, 
and the bolt immediately driven home. 

1206. When unused holes are left in treated timber or piling, they 
must be treated with hot preservative and filled with treated plugs. Before 
driving, the plugs must be dipped in hot sealing compound. 

1207. Nailing, spiking, and boring of treated timber or piling for 
support of scaffolding, is prohibited and must not be cut or punctured by 
bar or pick when inspecting same. 

1208. Piling, where cut off, must be treated with hot preservative, fol- 
lowing by two coats of hot sealing compound, a sheet of approved material, 
placed and then another application of sealing compound applied hot. 

1209. When renewing piles those injured in driving or driven materially 
out of line shall be replaced. 

1210. When renewing batter piles they shall be driven to the inclination 
shown on standard plans for existing structures and shall require but slight 
bending before framing. 

1211. When renewing timbers they shall be of the kind and size 
required. Timbers received not suitable shall be removed from the immedi- 
ate location of work and reported to the proper official. 

1212. When renewing frame timbers they shall be tightly fitted. Block- 
ing and shimming must not be used in making joints. Timbers must be cut 
off with a saw. 

1213. When renewing caps they shall have a uniform thickness, even 
bearing on the piles and sap side shall be placed downward. 

1214. When renewing sash and sway braces they shall be properly 
framed and securely fastened to piles, posts and caps. Where the piles in a 
bent vary in size or are out of line filler blocks shall be used between the 
braces and piles, securely fastened and faced to obtain a bearing against all 
piles. Treated filler blocks shall be used with treated braces. 

1215. When renewing stringers they shall have a tmiform depth at 
supports, even bearing on the caps and sap edge placed downward. 
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1216. Wlien renewing ties on open deck structures they shall be sized 
to a uniform thickness and shall be placed with the rough side upward, spaced 
regularly and cut to even length and line. 

1217. When renewing guard timbers they shall be framed and securely 
fastened to the ties as called for on standard plans, laid to line and to a 
uniform surface. 

1218. When renewing guard timbers where they are fastened to the 
ties by lag screws, the holes in the guard timbers shall be bored with augur 
bits A inch, and in the ties ^4 inch less in diameter than the size of the lag 
screw. 

Where the guard timbers are fastened to the ties with bolts, the holes in 
both the guard timbers and the ties shall be bored with an augur bit ife inch 
greater in diameter than the nominal diameter of the bolt. Where the guard 
timbers are fastened with boat spikes the holes in the guard timber and tic 
shall be the size of the spike'. Lag screws must be screwed in, not driven. 

1219. When replacing top portions of piles with posts, the old piles 
shall be cut off below where sound timber is found. Good joints shall be 
made between "the old pile and the sill where entire bent is renewed and 
between the old pile and post where a single pile is replaced. The sill or 
post shall be securely fastened to the old pile. The posts shall be drift 
bolted or dow’eled to the sill. Pile bents having one or more posts shall be 
properly braced. 

1220. Bearings of posts on sills shall preferably be directly over the 
piles, but if such bearing cannot be provided, then sills of sufficient strength 
to safely transfer the load from the posts to the piles shall be used. Framed 
bents on piles must be provided with longitudinal X braces. 


Appendix C 

(2B) RULES FOR MAINTENANCE OF OTHER TERMINAL 
STRUCTURES 

B. R. Kulp, Chairman, Sub -Committee. 


Oil Houses 

1250. Oil storage^ facilities must be kept thoroughly grounded at all 
times and maintained in such a way that all pipes and connections will be 
tight. 

Coaling Stations 

1261. _ Special attention must be given to maintenance of bins, chutes, 
and working appurtenances of all coaling stations. 

1262. Inspection must be made fro-m time to time and corrective meas- 
ures taken to keep shed free from dirt, coal dust or screenings. 

1263. Fire protection apparatus must be inspected and tested at specified 
intervals and kept thoroughly tight and in working order. 

1264. Coal must not be wet down either before or after going into 
a wooden coaling station. 

Cinder Pits 

1270. Brick or concrete track supports on cinder pits must be given 
close inspection and repairs promptly made of any defect found. 

^ 1271. Steel beams supporting tracks must be watched to see that the hot 

cinders have no effect on their strength and the rail fastenings kept in 
proper order. 
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1272. ^ Water supply must be maintained at all times and strict super- 
vision maintained to see that cinders dumped from locomotives are immedi- 
ately wet down to keep the heat away from side walls and track supports. 

1273. Drainage must be looked after frequenth' to see that catch basins 
are cleaned out to prevent cinders from being washed into the sewer. 

1274. Racks must be maintained for clinker hooks and shaker bars so 
the 3 ' can be hung up when not in use. 

Turntables 

1280. Refuse and dirt must be kept off the deck and out of the pit. 
The pit must be kept properly drained. 

1281. Center bearing of turntables must be kept clean. At least once 
each 3 'ear the turntables shall be jacked up and the center bearing thorough^" 
inspected, cleaned and oiled. 

1282. Top flanges and cross bracing of turntables must be kept clean 
and when tie renewals are made top flanges given a coat of paint. At proper 
intervals entire table shall be cleaned and painted with approved structural 
steel paint. 

1283. Inspection of and maintenance of turntables must not be under- 
taken without first notifying the operator. 

1284. In severe weather, salt must not be used or fires built around 
turntables in such a manner as to damage the steel structure, to assist in 
turning. Where heat is necessary steam must be used when av’ailable. 

1285. The distance between the ends of the yard rails and the ends of 
the rails on the turntables must be maintained not greater than inch, in 
order to avoid pounding w^hen locomotive passes over the joint. 

1286. Turntables must be maintained so that when tilted to such a posi- 
tion that the wheels at one end bear on the circle rail, the top of the rails 
on the table at this end and the top of the rails in the yard at the edge of 
the pit shall be at the same elevation. 

1287. The end w’heel journal bearings shall be kept thoroughly cleaned, 
well packed with waste and with suitable lubricating oil. 

Track Sceiles 

1290. Track scales must be numbered and referred to by number and 
location. 

1291. Repairs to scale levers must be made onl 3 ’' in a properly appointed 
scale shop. 

1292. Scale parts must be kept clean and free from interference. 

1293. Iron and steel parts, except knife-edges and bearing steels, must 
he painted when installed and at such other times as may be directed. 

1294. Pivots and bearing steels must be protected from corrosion in 
such a manner as not to interfere with the proper working of the scale. 

1295. Salt or other corroding compounds must not be used for thawing 
snow or ice about scales. 

1296. Scale pits must be kept clean and properly drained and ventilated. 

1297. Employees designated to clean and care for scales must be 
properly instructed. 
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Appendix D 

(3) TITLES EMPLOYED TO DESIGNATE POSITIONS OF 
CORRESPONDING RANK IN MAINTENANCE OF WAY 
SERVICE 

Richard Brooke, Chairman, Sub-Committee. 


ASSISTANT ENGINEERS— MAINTENANCE OF WAY 
DEPARTMENT 

(1) Assistant Division Engmeer — ^Engineer who reports to the Division 
Engineer, supervises general maintenance work and acts for the Division 
Engineer in his absence. 

(2) Assistant Engineer, Maintenance — Engineer who reports to the 
Division Engineer, is responsible for the preparation of plans and estimates 
and supervises field and office engineering work. 


FOREMEN— MAINTENANCE OF WAY DEPARTMENT 

(1) General Foreman — Supervisory officer responsible for the mainte- 
nance and construction of track on an assigned territory or assigned project. 

(2) Section Foreman — -Foreman responsible for the maintenance of 
track, roadbed and right of way on a designated territory. 

(3) Extra Gang Foreman — Foreman of a floating gang engaged in 
laying rail, applying ballast or otlier track or roadway work usually requiring 
a larger organization than a section gang. 

(4) Work Train Foreman — Foreman in general charge of a work 
train and a gang handling material and doing other work performed with a 
work train. 

(5) Welder Foreman — Foreman in charge of building up rail ends, 
frogs and switches in and along the track. 

(6) General Foreman, Bridges and Buildings — Supervisory officer 
responsible for the maintenance and construction of bridges and buildings 
on an assigned territory. 

(7) Bridge and Building Foreman — Foreman in charge of maintenance 
and construction of bridges and buildings. 

(8) Mason Foreman — Foreman in charge of maintenance and construc- 
tion of masonry. 

(9) Painter Foreman — Foreman in charge of the painting of bridges 
and buildings. 

(10) Plumber Foreman — Foreman in charge of maintenance and con- 
struction of plumbing. 

(11) Tinner Foreman — Foreman in charge of sheet metal work. 

(12) Fence Foreman — ^Foreman in charge of maintenance and construc- 
tion of fences. 

(13) Water Service Foreman — Foreman in charge of maintenance 
and construction of water service facilities. 

(14) Signal Foreman — ^Foreman in charge of maintenance and 
struction of signals and interlocking. 


con- 
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Appendix E 


R. E. Warden, Chairman, Sub- Committee. 


AN ACT to Regulate the Practices of Professional Engineering and 
Land Surveying; Creating a State Registration Board for Profes- 
sional Engineers and Land Surveyors; Defining Its Powers and 
Duties; Also Imposing Certain Duties Upon the State and Political 
Subdivisions Thereof in Connection with Public Work; and Pro- 
viding Penalties. 

Section 1. — General Provisions. — ^Be it enacted by the General Assembly 

of State of that in order to safeguard life, health, 

and property, any person practicing or offering to practice the professions of 
engineering or of land surveying, shall hereafter be required to submit 
evidence that he is qualified so to practice and shall be registered as herein- 
after provided ; and it shall be unlawful for any person to practice or to offer 
to practice the professions of engineering or of land surveying, in this State, 
or to use in connection with his name or otherwise assume, use, or advertise 
any title or description tending to convey the impression that he is a profes- 
sional engineer or a land surveyor, unless such person has been duly regis- 
tered or exempted under the provisions of this Act 

Section 2. — Definitions. — The term, ‘‘professional engineer,^' as used in 
this Act, shall mean a person who represents himself to be such a profes- 
sional engineer, either through the use of the term, “engineer,” with or with- 
out qualifying adjectives, or through the use of some other title implying 
that he is such a professional engineer. 

The term, “land surveyor,” as used in this Act, shall mean any person 
who makes surveys for the determination of area, or the establishment of 
land boundaries, or the subdivision and platting of land. 

The term, “Board,” as used in this Act, shall mean the State Registra- 
tion Board for Professional Engineers and Land Surveyors, provided for 
by this Act. 

Section 3. — State Registration Board for Professional Engineers ^d 
Land Surveyors. — ^Appointment of Members. — ^Terms. — ^A State Registration 
Board for Professional Engineers and Land Surveyors is hereby created. 
The Board shall consist of five professional engineers, who shall be appointed 
by the Governor and shall have the qualifications required by Section 4. 
The members of the first Board shall be appointed within ninety days after 
the passage of this Act, to serve for the following terms: One member for 
one year, one member for two years, one member for three years, one 
member for four years, and one member for five years, from the date of their 
appointment, or until their successors are duly appointed and qualified. Every 
member of the Board shall receive a certificate of his appointment from the 
Governor and before beginning his term of office shall file with the Secretary 
of State his written oath for the faithful discharge of his official duty. Each 
member of the Board first appointed hereunder shall receive a certificate of 
registration under this Act from said Board. On the expiration of the term 
of any member, the Governor shall appoint for a term of five years a rois- 
tered professional engineer, having the qualifications required by Section 
4, to take the place of the member whose term on said Board is about to 
expire. Each member shall hold office until the expiration of the term for 
which such member is appointed or until a successor shall have been duly 
appointed and shall have qualified. 

Section 4. — Qualifications of Members of Board. — ^E^ch member of the 
Board shall be a citizen of the United States and a resident of this State, 
and shall have been engaged in the practice of the profession of engineering 
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for at least ten years, and shall have been in responsible charge of engineer- 
ing work for at least five years. 

Section 5. — Compensation and Expenses of Board embers. —Each 

member of the Board shall receive the sum of dollars ($. • •;) 

per diem when actually attending to the work of the Board or of any of its 
committees and for the time spent in necessary travel ; and, in addition 
thereto, shall be reimbursed for all actual traveling, incidental, and clerical 
expenses necessarily incurred in carrying out the provisions of this Act. 

Section 6. — Removal of Members of Board,— Vacancies.— The Governor 
may remove any member of the Board for misconduct, incompetency, neglect 
of duty, or for any other sufficient cause. Vacancies in the membership of 
the Board shall be filled by appointment b 3 '^ the Governor for the unexpired 
term. 

Section 7. — Organization and Meetings of the Board. — The Board shall 
hold a meeting within thirty days after its members are first appointed, and 
thereafter shall hold at least two regular meetings each year. Special meet- 
ings shall be held at such times as the by-laws of the Board may provide. 
Notice of all meetings shall be given in such manner as the by-laws may 
provide. The Board shall elect annually from its members a chairman, a 
vice-chairman, and a secretary. A quorum of the Board shall consist of not 
less than three members. 

Section 8. — Powers of the Board.— The Board shall have the power to 
make all by-laws and rules, not inconsistent with the Constitution and Laws 
of this State, which may be reasonably necessary for the proper performance 
of its duties and the regulations of the proceedings before it. The Board 
shall adopt and have an official seal. 

In carrying into effect the provisions of this Act, the Board may, under 
the hand of its Chairman and the seal of the Board, subpoena witnesses and 
compel their attendance, and also may require the production of books, 
papers, documents, etc., in a case involving the revocation of registration or 
practicing or offering to practice without registration. Any member of the 
Board may administer oaths or affirmations to witnesses appearing before 
the Board. If any person shall refuse to obey any subpoena so issued, or 
shall refuse to testify or produce any books, papers, or documents, the Board 

may preset its petition to the Court of of the County 

in which it may be in session, setting forth the facts, and thereupon such 
Court shall, in a proper case, issue its subpoena to such person, requiring 
his attendance before such Court and there to testify or to produce such 
books, papers, and documents, as may be deemed necessary and pertinent by 
the Board. Any person failing or refusing to obey the subpoena or order of 
the said Court may be proceeded against in the same manner as for refusal 
to obey any other subpoena or order of the Court. 

Section 9. — Receipts and Disbursements. — The Secretary of the Board 
shall receive and account for all moneys derived under the provisions of this 
Act, and shall pay the same monthly to the State Treasurer, who shall keep 
such moneys in a separate fund to be known as the “Professional Engineers' 
Fund.” Such fund shall be kept separate and apart from all other moneys 
in the Treasury, and shall be paid out only by warrant of the State Auditor 
upon the State Treasurer, upon itemized vouchers, approved by the Chairman 
and attested by the Secretary of the Board. All moneys in the “Professional 
Engineers* Fund” are hereby specifically appropriated for the use of the 
Board. The Secretary of the Board shall give a surety bond to this State in 
such sum as the Board muy determine. The premium on said bond shall be 
regarded as a proper and necessary expense of the Board, and shall be paid 
out of the “Professional Engineers’ Fxmd.” The Secretary of the Board 
shall receive such salary as the Board shall determine in addition to the 
compensation and expenses provided for in Section 5. The Board may 
employ such clerical or other assistants as are necessary for the proper 
performance of its work, or may make expenditures of this fund for any 
purpose which in the opinion of the Board is reasonably necessary for tide 
proper performance of its duties under this Act. Under no circumstances 
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shall the total amount of warrants issued by the Slate Auditor in payment 
of the expenses and compensation provided for in th's Act exceed the amount 
of the examination and registration fees collected as herein provided. 

Section 10. — Records and Reports. — The Board shall keep a record of its 
proceedings and a register of all applications for registration, which register 
shall show (a) the name, age, and residence of each applicant; (b) the date 
of the application; (c) the place of business of such applicant: (d) his edu- 
cational and other qualifications; (e) whether or not an examination was 
required; (f) whether the applicant was rejected; (g) whether a certificate 
of registration was granted; (h) the date of the action of the Board; and 
(i) such other information as may be deemed necessary by the Board. 

The records of the Board shall be prima facie evidence of the proceed- 
ings of the Board set forth therein, and a transcript thereof, duly certified 
by the Secretary of the Board under seal, shall be admissible in evidence 
with the same force and effect as if the original were produced. 

Annually, as of [insert date], the Board shall submit 

to the Governor a report of its transactions of the preceeding year, and shall 
also transmit to him a complete statement of the receipts and expenditures of 
the Board, attested by affidavits of its Chairman and its Secretary. 

Section 11 — Roster of Registered Engineers and Surveyors — A roster 
showing the names and places of business of all registered professional 
engineers and all registered land surveyors shall be prepared by the Secretary 

of the Board during the month of of each year, 

commencing one year from the date this law becomes effective. Copies of 
this roster shall be obtainable by each person so registered, and shall be 
placed on file wiih the Secretary of State. 

Section 12. — General Requirements for Registration. — The following 
facts, established in the application, shall be regarded as minimum evidence 
satisfactory to the Board, that the applicant is qualified to practice as a 
professional engineer, or land surveyor, to wit : 

(1) As a professional engineer: 

(a) A specific record of seven or more years of active practice 
in engineering work of a character satisfactory to the 
Board and indicating that the applicant is competent to be 
placed in -responsible charge of such work; or, 

(b) Graduation from a school or college approved by the Board 
as of satisfactory standing, having a course in engineering 
of not less than four years; and a specific record of an 
additional three years of active practice in engineering 
work, of a character satisfactory to the Board, and indi- 
cating that the applicant is competent to be placed in 
responsible charge of such work. 

(2) As a land surveyor: 

(a) A specific record of five or more years of active practice 
in land surveying work of a character satisfactory to the 
Board and indicating that the applicant is competent to be 
placed in responsible charge of such work; or, 

(b) Graduation in engineering from a school or college ap- 
proved by the Board as of satisfactory standing and having 
a course in engineering of not less than four years; and 
an additional one -year of active practice in surveying work 
of a character satisfactory to the Board and indicating that 
the applicant is competent to be placed in respons'ble cha-ge 
of such work. 

Provided, that no person shall be eligible for, registration as a profes- 
sional engineer or land surveyor who is not of good character and repute. 

In considering the qualifications of applicants, responsible ch^ge of 
engineering teaching may be construed as responsible charge of work. 
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Graduation in engineering from a school of recognized standing shall be 
considered as equivalent to four years of active practice and the satisfactory 
completion of each year of work in such school without graduation shall be 
considered as equivalent to a half year of active practice. ^ Graduation in a 
course other than engineering froni a college or university of recognized 
standing shall be considered as equivalent to two years of active practice ; 
provided, however, that no applicant shall receive credit for more than four 
years of active practice because of educational qualifications. 

In cases where the evidence presented in the application does not appear 
to the Board to be conclusive or to warrant the issuing of a certificate of 
registration, the applicant may be required to present further evidence for 
the consideration of the Board, and may also be required to pass an oral 
or written examination, or both, as the Board may determine. 

Section 13. — Applications and Registration Fees. — Applications for regis- 
tration shall be on forms prescribed and furnished by the Board, shall con- 
tain statements made under oath showing the applicant’s education and detail 
summary of his technical work, and shall contain not less than five refer- 
ences, of whom three or more shall have personal knowledge of his engi- 
neering experience. 

The registration fee for professional engineers shall be twenty-five dol- 
lars ($25.00), fifteen dollars ($15.00) of which shall accompany application, 
the remaining ten dollars ($10.00) to be paid upon issuance of certificate. 
The registration fee for land surveyors shall be fifteen dollars ($15.00), 
which shall accompany application. Should the Board deny the issuance of a 
certificate of registration to any applicant the initial fee deposited shall be 
retained as an examination fee. 

Section 14. — ^Examinations. — ^When oral or written examinations are 
required, same shall be held at such time and place as the Board shall deter- 
mine. The scope of the examinations and the methods of procedure shall be 
prescribed by the Board with special reference to the applicant’s ability 
to design and/or supervise engineering works, which shall insure the safety 
of life, health, and property. Examinations shall be given for the purpose of 
determining the qualifications of applicants for registration, separately in 
professional engineering and in land surveying. A candidate failing on 
examination may, at the discretion of the Board, be examined again. 

Section 15. — Certificates. — Seals. — The Board shall issue a certificate of 
registration upon paym^t of registration fee as provided for in this Act, 
to any applicant who, in the opinion of the Board, has satisfactorily met 
all the requirements of this Act. In case of a registered engineer, the 
certificate shall au^orize the practice of ^‘professional engineering,” and in 
the case of a registered land surveyor, the certificate shall authorize the 
practice of “land surveying.” Certificates of registration shall show the 
full name of the registrant, shall have a serial number, and shall be signed 
by the Chairman and the Secretary of the Board under seal of the Board 

The issuance of a certificate of registration by this Board shall be 
evid^ce that the person named therein is ^ entitled to all the rights and 
privileges of a registered professional engineer, or of a registered land 
surveyor, while the said certificate remains unrevoked or unexpired. 

^ Each registrant hereunder shall upon registration obtain a seal of the 
design authorized by the Board, bearing the registrant’s name and the legend, 
“Registered Professional Engineer,” or “Registered Land Surveyor.” Plans, 
specifications, plats, and reports issued by a registrant shall be stamped with 
the said seal during the life of registrant’s certificate, but it shall be unlawful 
for any one to stamp or seal any documents with said seal after the certificate 
of the registrant named thereon has expired or has been revoked, unless said 
certificate shall have been renewed or re-issued. 

Section 16. — ^Expirations and Renewals. — Certificates of registration 

shall expire on the last day of the month of following 

their issuance or renewal and shall became invalid on that date unless 
renewed. It shall be the duty of the Secretary of the Board to notify every 
person registered under this Act, of the date of the expiration of his cer- 
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tificate and the amount of the fee that shall be required for its renewal for 
one year; such notice shall be mailed at least one month in advance of the 
date of the expiration of said certificate. Renewal maj" be effected at any 

time during the month of by the payment of a fee 

of five dollars ($5.00). The failure on the part of any registrant to renew 

his certificate annually in the month of as 

required above shall not deprive such person of the right of renewal, but the 

fee to be paid for the renewal of a certificate after the month of 

shall be increased ten per cent for each month or fraction of a month that 
payment of renewal is delayed ; provided, however, that the maximum fee for 
delayed renewal shall not exceed twice the normal renewal fee. 

Section 17. — Firms, Partnerships, Corporations, and Joint Stock Associa- 
tions. — firm, or a co-partnership, or a corporation, or a joint stock associa- 
tion may engage in the practice of professional engineering in this State 
only provided such practice is carried on under the responsible direction of 
one or more registered professional engineers. 

Section 18. — Practitioners at Time Act Became Effective. — ^At any time 
within one year after this Act becomes effective, upon due application 
therefor and the payment of a fee of twenty-five dollars ($25.00), the 
Board shall issue a certificate of registration, without oral or written exam- 
inations, to any professional engineer or land surveyor who shall submit 
evidence under oath satisfactory to the Board that he is of good character, 

has been a resident of the State of for at least 

one year immediately preceeding the date of his application, md was prac- 
ticing professional engineering or land surveying at the time this Act became 
effective, such work being of a character satisfactory to the Board. 

After this Act shall have been in effect one^ year, the Board shall issue 
certificates of registration only as provided for in Section 12 thereof. 

Section 19. — Public Work. — ^After the first day of one 

thousand nine hundred and , it shall be unlawful 

for this State, or for any of its political sub-divisions, for any county, city, 
town, township, or borough to engage in the construction of any public 
work involving professional engineering, unless the plans and specifications 
and estimates have been approved by,^ and the construction supervised by a 
registered professional engineer ; provided, that nothing in this Section shall 
be held to apply to any public work wherein the contemplated expenditure 
for the completed project does not exceed two thousand dollars ($2,000.00). 

Section 20. — ^Exemptions. — ^The following persons ^ shall be exempted 
from registration under the provisions of this Act, to wit : 

(a) A person not a resident of and having no established place 
of business in this State, practicing or offering to practice herein the 
profession of engineering, when such practice does not exceed in the 
aggregate more Sian sixty days in any calendar year ; provided, such 
person is legally qualified by registration to practice the said pro- 
fession in this own State or country in which the requirements and 
qualifications for obtaining a certificate of registration are not lower 
than those specified in this Act. 

(b) A person not a resident of and having no established place 
of business in this State, or who has recently become a resident 
thereof, practicing or offering to practice herein for more than sixty 
days in any calendar year the profession of engineering if he shall 
have filed with the Board an application for a certificate of registra- 
tion and shall have paid the fee required by this Act. Such exemp- 
tion shall continue only for such time as the^ Board reqiures for the 
consideration of the application for registration; provided, that such 
a person is legally qualified to practice said profession in his own 
State or country. 

(c) An employee of a person holding a certificate of registra- 
tion in this State who is engaged in the practice of the profession 
of engineering and an employee of a person exempted from registra- 
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tion by Classes (a) and (b) of this Section; provided, such practice 
does not include responsible charge of design or supervision. 

(d) Officers and employees of the Government of the United 
States while engaged within this State in the practice of the pro- 
fession of engineering or land surveying, for said Government. 

(e) A person who practices the profession of engineering or 
land surveying exclusively as a regular employee of a public service 
company by rendering to such company engineering service in con- 
nection with its facilities which are subject to regulation, supervision, 
and control, in order to safeguard life, health, and property by the 

Commission of the State of 

so long as such person is thus actually and exclusively employed and 
no longer ; provided, that such Company shall have at least one engi- 
neer, registered under the provisions of this Act, in responsible 
charge of such Company’s engineering work in this State. 

Section 21. — (a) Reciprocity. — The Board shall, upon application there- 
for, and the payment of a fee of five dollars ($5.00), issue a certificate of 
registration as professional engineer to any person who holds an unexpired 
certificate of registration issued to him by the proper authority in any State 
or Territory or Possession of the United States or in any Country in which 
the requirements for the registration of professional engineers are of a 
standard not lower than that specified in this Act; provided, however, that 
the Engineering Registration Boards of said State, Territories, Possessions, 
or countries shall grant full and equal reciprocal registration rights and 
privileges to registrants of this Board. Agreements for reciprocity with 
other States, Territories, Possessions, or Countries may be entered into 
by the Board at its discretion. 

(b) National Reciprocity. — ^The Board shall, upon application therefor 
and payment of a fee of five dollars ($5.00), issue a certificate of registra- 
tion as professional engineer to any person who holds an unrevoked card 
or certificate of National reciprocal registration, issued by any State, Prov- 
ince, or Country in conformity with the regulations of the National Council 
of State Boards of Engineering Examiners, and who complies with the 
regulations of this Board, except as to qualifications and registration fee. 

Section 22. — Revocation and Re-Issuances of Certificates. — The Board 
shall have the power to revoke the certificate of registration of any regis- 
trant who is found guilty of : 

(a) The practice of any fraud or deceit in obtaining a cer- 
tificate of registration. 

(b) Any gross negligence, incompetency, or misconduct in the 
practice of professional engineering or land surveying as a registered 
professional engineer or land surveyor. 

Any person may prefer charges of fraud, deceit, gross negligence, incom- 
petency, or misconduct against any registrant. Such charges shall be in 
writing, and shall be sworn to by the person making them and shall be 
filed with the Secretary of the Board. 

All charges, unless dismissed by the Board as unfounded or trivial, shall 
be heard by the Board within three months after the date on which they shall 
have been preferred. 

The time and place for said hearing shall be fixed by the Board, and a 
copy of the charges, together with a notice of the time and place of hear- 
ing, shall be personally served on or mailed to the last known address of 
such registrant, at least thirty days before the date fixed for the hearing. 
At any hearing, the accused registrant shall have the right to appear per- 
sonally and by counsel, to cross-examine witnesses appearing against him, 
and to produce evidence and witnesses in his own defense. 

If, after such hearing, three or more members of the Board vote in 
favor of finding the accused guilty, the Board shall revoke the certificate 
of registration of such registered professional engineer or land surveyor. 
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The Board, for reasons it may deem sufficient, may re-issue a certificate 
of registration to any person whose certificate has been revoked, providing 
three or more members of the Board vote in favor of such re-issuance. A 
new certificate of registration, to replace any certificate revoked, lost, 
destroyed, or multilated, may be issued, subject to the rules of the Board 
and a charge of three dollars ($3.00) shall be made for such issuance. 

Section 23.— Violations and Penalties. — Any person who shall practice, 
or offer to practice, the profession of engineering or land surveying in this 
State without being registered or exempted in accordance with the provisions 
of this Act, Or any person presenting or attempting to use as his own the 
certificate of registration of another, or any person who shall give any false 
or forged evidence of any kind to the Board or to any member thereof 
in obtaining a certificate of registration, or any person who shall falsely 
impersonate any other registrant of like or different name, or any person wno 
shall attempt to use an expired or revoked certificate of registration, or shall 
violate any of the provisions of this Act, shall be guilty of a misdeameanor, 
and shall, upon conviction, be sentenced to pay a fine of not less than 
one hundred dollars ($100.00), nor more than five hundred dollars ($500.00), 
or suffer imprisonment for a period not exceeding three months, or both. 

It shall be the duty of all duly constituted officers of the law of this 
State, or any political subdivision thereof, to enforce the provisions of this 
Act and to prosecute any persons violating same. The Attorney General of 
the State or his assistant shall act as legal adviser of the Board and render 
such legal assistance as may be necessary in carrying out the provisions of 
this Act, 

Section 24. — Invalid Sections. — ^If any section or sections of this Act 
shall be declared unconstitutional or invalid, this shall not invalidate any 
other section of this Act. 

Section 25. — Repeal of Conflicting Legislation. — ^All laws or parts of 
laws in conflict with the provisions of this Act shall be, and the same are 
hereby, repealed. 
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Committee, 


To the American Railway Engineering Association: 

Your Committee respectfully presents reports on the subjects assigned, 
as follows: 

Revision of Manual — Subjects 1, 2, 3 and 4 (Appendices A, B, C 
and D). 

(1) Specifications for steel tie plates (Appendix A). 

(2) Superelevation of the outer rail on curves in connection with the 
degree of curvature, gradient, the maximum speed of trains, traffic, number 
of tracks, etc. (Appendix B), 

(3) String lining of curves by the chord method and prepare tables 
suitable for the use of trackmen (Appendix C). 

(4) Temperature expansion for laying rails (Appendix D). 

(5) Plans and specifications for track tools, collaborating with Com- 
mittees I — Roadway, II — Ballast, and XXII — ^Economics of Railway Labor 
(Appendix E). 

(6) Plans for switches, frogs, crossings, slip switches, etc. (Ap- 
pendix F). 

(7) Track construction in paved streets, collaborating with Committee 
IX — Grade Crossings (Appendix G). 

(8) Corrosion of rail and fastenings in tunnels, collaborating with 
Committee IV — ^Rail (Appendix H). 
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(9) [Methods of reducing rail wear on curves, with particular 
reference to lubricating the rail or w’heel flanges, collaborating with Com- 
mittee IV — Rail (Appendix I). 

(10) Cause and effect of brine drippings, and submit recommendations, 
collaborating with Committee IV — Rail, XV — Iron and Steel Structures, and 
the Merchanical Division, A.R.A. (Appendix J). 

(11) Gage of track and elevation of curves, wdth reference to the use 
of roller bearings on railway equipment, collaborating with the Mechanical 
Division, A.R.A. (Appendix K). 

(12) Effect of materials in track on the design of tie plates and 
punching thereof, together with the interrelation of slotting of joint bars 
and sizes of track spikes, collaborating with Committee IV — ^Rail (Ap- 
pendix L). 


Action Recommened 

(1) That revisions recommended in Appendices A and D be approved 
for publication in the Manual. 

(2) That plan No. 510 in Appendix F be adopted as recommended 
practice and published in the Manual and that Plans No. 260 and No. 262 
in Appendix F be received as information, as outlined in this report, and 
that the subject be continued. 

(3) That the reports in Appendices B, I and J be received as informa- 
tion and the subjects discontinued. 

(4) That the progress reports in Appendices C, E, G, H, K and L 
be received as information and the subjects continued. 

Respectfully submitted, 

The Committee on Track, 

J. V. Neubert, Chairman, 
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Appendix A 


(l-A) REVISION OF SPECIFICATIONS FOR STEEL TIE 

PLATES 


E. D. Swift, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding, 
J. B. Akers, H. R. Clarke, H. S. Clarke, J. de N. Macomb, F. H. 
Masters, W. L. Roller, G. M. Strachan, J. G. Wishart. 


In the Specifications for Steel Tie Plates, on pages 244, 245 and 246 
of the 1929 Manual, withdraw Section 11 (b) and substitute revised version 
of this Section; also add Section 3 (d) and 11 (f). 


Present Form 

Section 11 (b). For plates with 
shoulders parallel to the direction of 
the rolling, a variaticwi of ^ in. in 
thidtoess, in. in rolled width and 
A in. sheared length will be per- 
mitted. 


Revised Form 

Section 11 (b). For plates with 
shoulders parallel to the direction of 
rolling, a variation of h in. in thick- 
ness, ^ in. in rolled width and A in. 
in sheared length will be permitted 
when no camber is required. When 
rolled in camber is specified a varia- 
tion of in. in sheared length will 
be permitted. 


Additional sections recommended: 

Copper 

Section 3 (d). When copper is specified the percentage contained in the 
steel shall be not less than 0.20 of 1 per cent. 

^ Section 11 (d). Regardless of variations otherwise permissible, the 
weights to be paid for shall not exceed the weights calculated from the 
specified dimensions by more than 3 per cent. 


(1-B) REVISION OF SPECIFICATIONS FOR SOFT STEEL 
TRACK SPIKES 

E. D. Swift, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding, 
J. B. Akers, H. R. Clarke, H. S. Clarke, J. de N. Macomb, F. H. 
Masters, W. L. Roller, G. M. Strachan, J. G. Wishart 

The Committee now has under consideration the revision of Specifica- 
tions for Soft Steel Track Spikes, as well as the possibility of a change in 
design. 
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Appendix B 

(2) SUPERELEVATION OF THE OUTER RAIL ON CURVES 
IN CONNECTION WITH THE DEGREE OF CURVATURE, 
GRADIENT, THE MAXIMUM SPEED OF TRAINS, TRAF- 
FIC, NUMBER OF TRACKS, ETC. 

C. W, Breed, Chairman, S ub- Committee ; J. V. Neubert, C. R. Harding, 
W. H. Bevan, L. H. Bond, R. W. R Bowler, H. R Qarke, J. J. 
Desmond, C. J. Geyer, W. J. Harris, F W. Hillman, F. J. Jerome, 
H. D. Knecht, C. U. McVay, J. B. Myers, G. L. G. Smith, C R 
Strattman, J. R. Watt. 

^ “After careful consideration of this subject by the Sub-Committee at 
various meetings, we wish to recommend that this subject be withdrawn. We 
feel that the Manual and the Proceedings of the Association contain very 
complete information on this subject. If we attempt to tabulize each case 
we will probably be misunderstood and complications will result.” Reported 
at July meeting. 

In support of this recommendation the following facts are submitted: 
There are 112 pages of data about the superelevation of the outer rail 
on curves in the publications of the Association. The information contained 
therein are the best views of the engineering members over a period of 
thirty years. There are formulas and full information as to their develop- 
ment for equilibrium superelevations, for superelevations in which resultant 
of forces passes through edge of middle third, etc.; there are tables of super- 
elevations for most of the formulas shown. 

There are tables and graphs showing speeds of trains through turnouts, 
and general information on all cases of superelevation. In addition to 
this the specific experience and individual curve elevation tables and practices 
of some forty Class I railroads appears in the 1929 Proceedings. 

When we consider the infinite number of superelevations required on 
all the individual curves on all the railroads we see that it is not practical 
to attempt to tabulate or classify them. An Engineer desiring to set up 
the superelevations over a particular railroad will find from the Proceedings 
and Manual that he must first determine the speed of traffic over each curve. 
If both passenger and freight traffic are in operation over the curve he 
knows that there will have to be a compromise in the amount of supereleva- 
tion. He cannot give the passenger traffic the full benefit of equilibrium 
superelevation because he does not wish to subject the inner rail of the curve 
to the excessive wear from slower moving freight traffic. 

If the freight traffic over the particular curve is comparatively fast due 
to favorable gradient or other causes, then the Engineer should follow the 
practice of many Engineers as shown in 1929 Proceedings and choose the 
equilibrium elevation for a speed 5 to 10 miles less than the maximum speed 
of passenger traffic over that curve. 

On other lines where there is a preponderance of comparatively slow 
freight traffic it may become expedient to superelevate the outer rail of 
curves for the speed of this traffic, restricting the speed of passenger trains, 
if necessary, to preserve safety and comfort over those curves. 
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If there is only passenger traffic or only freight traffic over a particular 
curve, the information in the Proceedings indicates to the Engineer that he 
should superelevate that particular curve the amount shown as equilibrium 
superelevation in tlie Manual for the maximum speed determined for the 
passenger train over its particular curve or the freight traffic over its 
particular curve. 

If these basic rules are followed in determining superelevation and 
first consideration is given to safe travel, there is not required any other 
information than now appears in the Publications of the Association. 


Appendix C 

(3) STRING LINING OF CURVES BY THE CHORD METHOD 
AND PREPARE TABLES SUITABLE FOR THE USE OF 
TRACKMEN 

C. W, Breed, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding, 
W. H. Be\'an, L. H. Bond, R. W. E. Bowler, H. R. Clarke, J. J. 
Desmond, C. J. Geyer, W. J. Harris, F. W. Hillman, F. J. Jerome, 
H. D. Knecht, C M. McVay, J. B- Myers, G. L. G. Smith, C. R. 
Strattman, J. R. Watt. 

The Committee reports progress. We have secured a number of string 
lining tables but feel that they must be amplified by more complete explana- 
tion before they can be generally useful. Tables are also being prepared on 
the basis of the 10-chord spiral appearing in the Manual using the length 
of spiral tabulated therein. We recommend that the subject be continued. 



Track 


155 


Appendix D 


(4) TEMPERATURE EXPANSION FOR LAYING RAILS 


J. V. Neubert, Chairman, Sub-Committee ; C. R. Harding. 


A questionnaire was sent out both in 1929 and in 1930 in regard to deter- 
mining whether we should adhere to the present temperature expansion as 
contained in the Manual of 1929, page 243, or have the same modified. The 
allowance of expansion as shown in the present Manual is as follows: 

(1) When laying rails the'r temperature should be taken by appljdng a 
thermometer to head of rail. To allow for expansion, openings between the 
ends erf rail should be as follows: 


Temperatur'' of 

160 Jf ?. Per Mile 

135 Its. Per Mile 

117 It’-. Per Mile 

Rail-Dcgt cc Fahr. 

33'0" Rails 

39'0'' Rails 

45'0" Rails 

0 

O 

0 

0 

1 


H" 

iV" 

0° to 25“ 

^A" 

^ 2 " 


25° to 50° 

liS" 


54" 

50° to 75° 

Vs" 

Vs" 


75° to 100° 



iW" 

Over 100° 

Laid Close 

Laid Close 

Laid Close 


The other four schemes considered by the Track Committee are as 
follows : 


Temperature of 

Scheme No. 1 

160 Its. Per Milo 

135 Its. Per Mile 

Rail-Deg. Fahr. 

33'0" Rails 

39'0" Rails 

0 to 25 

•fir" 

54 " 

26 to 50 

54 " 

fk" 

51 to 75 

^4" . 

54" 

76 to 100 

tV" 

-h" 

Over 100 

None 

None 

Temperature of 

Scheme No. 2 

160 Its. Per Mile 

135 Its. Per Mile 

Rail-Dcg. Fahr. 

33'0" Rails 

39'0" Rails 

0 to 32 

54 " 

5 tr 

1 <1 

33 to 70 

3 n 

Itt 

Va" 

71 to 100 

54" 

5^" 

Over 100 

None 

None 

Temperature of 

Scheme No. 3 

160 Its. Per Mile 

135 Its. Per Mile 

Rail-Dcg. Fahr. 

33'0" Rails 

39'0'^ Rails 

0 to 25 

54 " 


26 to SO 

1L%" 

54 " 

51 to 75 

tV' 


76 to 100 

Vs" 

54" 

Over 100 

None 

None 

Temperature of 

Scheme No. 4 

160 Its. Per Mile 

135 Its, Per Mile 

RaiUDeg. Fahr. 

33'0" Rails 

39'0'' Rails 

0 to 60 


54 " 

61 to 100 

54 " 

54 " 

Over 100 

None 

None 
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will be superseded by this new series and accordingly will be withdrawn 
later. 

The Committee has prepared t\^o t\pical plans, namely, plans No. 260 
of No. 8 frogs and No. 262 of No. 10 frogs, which are now offered for 
information to invite criticism for reference and guidance in completing 
the new series in question. 

It will be noted that plan No. 262 shows No. 10 rail bound manganese 
steel, bolted rigid and spring rail frogs of the same length. These frogs 
can be readily interchanged. In the preparation of plan No. 260 of No. 8 
frogs it was found tliat the spring rail frog could not be efficiently made to 
the economical shorter length recommended for rail bound manganese steel 
and bolted rigid frogs. The No. 8 rail bound manganese steel and bolted 
rigid frogs are therefore not interchangeable with the No. 8 spring rail 
frogs, it being considered inadvisable, in view of the fact that No. 8 bolted 
rigid frogs are used in considerably larger quantity than No. 8 spring rail 
frogs, to increase the length of the bolted rigid frog in this instance to con- 
form to the length of the spring rail frog. 

In March of 1929, the Committee presented as information to invite 
criticism plan No. 510, dated November, 1928, of manganese steel one-piece 
guard rail on six ties. This plan has been revised by addition of notes cover- 
ing marking and setting for the different angle turnouts in most common 
use and in some other minor particulars, and is now presented, with revision 
date October, 1930, for adoption as recommended practice. 

Plans presented in this Appendix have been prepared in, conference with 
the Standardization Committee of the Manganese Track Society. 

The Committee also has under consideration revisions of plans of open 
heari^ guard rails, plans No. SOI and No. 502, adopted March, 1921, also 
revision, if needed, of flangeways and other details in present A.R.E.A 
Trackwork plans to conform to the latest A.R.A. Mechanical Division 
Standards on wheel flanges and gage settings. Reports on these subjects and 
other pertinent details will be presented at a later date. 


Conclusions 


The Committee recommends that the following plan submitted herewith 
be adopted as recommended practice and printed in the Manual. 

Plan No. 510, dated Oct., 1930, A.R.E.A. manganese steel one-piece guard 
rail on six ties. 

The Committee also recommends that the following plans submitted 
herewith be received as information. 


Plan No. 260, dated Oct,, 1930, A.R.E.A. No. 8 frogs for medium weiglit 
rails, rail bound manganese steel, bolted rigid, spring rail and 
solid manganese steel. 


Plan No. 262, dated Oct, 1930, A.R,E.A. No. 10 frogs for medium weight 
rails, rail bound manganese steel, bolted rigid, spring rail and 
solid manganese steel. 


The Committee recommends that this subject be continued. 
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Appendix E 

(5) PLANS AND SPECIFICATIONS FOR TRACK TOOLS 

G. M. Strachan, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding, 
J. B. Akers, W. H. Bevan, L. H. Bond, C. W. Breed, W. G. Brown, 
E. W. Caruthers, A. M. Clarke, H. R. Darke, J. E. Deckert, J. W. 
DeMoyer, C. J. Geyer, E. T. Howson, T. T. Irving, J. B. Myers, A. J. 
Neafie, W. L. Roller, E. M. T. Ryder, C. R. Strattman, J. R. Watt, 
J. G. Wishart. 

In Volume 31, Bulletin 321, November, 1929, beginning on page 555, 
the Committee submitted for information general specifications, chemical and 
hardness specifications, and inspection and physical tests specifications for 
track tools, and specifications for hickory handles for track tools. Also, 
plans and specifications for track shovels and ballast forks. 

The Committee has no further plans to offer at this time, and recom- 
mends that the above mentioned specifications and plans be considered for 
another year as information, and that the subject be continued. 


Appendix F 

(6) PLANS FOR SWITCHES, FROGS, CROSSINGS, SLIP 
SWITCHES, ETC. 


C. R. Harding, Chairman, Sub-Committee; J. V. Neubert, H. G. Aberg, 
J. B. Akers, C. A. Alden, L. H. Bond, W. G. Brown, E. W. Caruthers, 
J. W. DeMoyer, L. W. Deslauriers, J. H. Dymock, O. F. Harting, 
W. G. Hulbert, T. T. Irving, J. de N. Macomb, F. H. Masters, J. C. 
Mock, A. J. Neafie, G. A. Peabody, 0. C. Rehfuss, C. J. Rist, E. M. T. 
Ryder, I. H. Schram, G. J. Slibeck, G. M. Strachan, J. B. Strong, 
H. N. West, J. G. Wishart 

The convenience of having for ready reference various types of frogs 
of the same frog number on the same plan, as plans Nos. 271 to 292 of frogs 
for heavy rails submitted at the March meetings in 1929 and 1930, has 
suggested the preparation of a similar series of plans for medium weight 
rails. 

This series of plans, for medium weight rails, is to cover the same gen- 
eral data as plans of frogs for heavy rails, namely, rail bound manganese 
steel, bolted rigid, spring rail, and solid manganese steel types of frogs, as 
may be applicable to the different frog numbers, showing general details 
with definite references for further detailed dimensions and specifications and 
showing also uniform tie layouts for any type of guard rail, including the 
six-tie manganese steel one-piece design. 

Some of the existing plans of frogs for medium weight rails are in need 
of revision, which will be taken into consideration when preparing this new 
series, and plans No. 305, No. 308 and No. 321, which also require revision, 
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Appendix G 

(7) TRACK CONSTRUCTION IN PAVED STREETS 

E. W. Caruthers, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding, 
C. A. Alden, W. G. Brown, A. M- Clarke, H. S. Clarke, J. E. Deckert, 
J. W. DeAIoyer, O. F. Harting, W. G. Hulbert, J. de N. Macomb, J. C. 
klock, J. B. Myers, A. J. Neafie, G. A. Peabody, O. C. Rehftiss, P. T. 
Robinson, E. AI. T. Ryder, G. J. Slibeck, T. Speiden, Jr., C. R. Strait- 
man, J. B. Strong, T. P. Warren, H. N. West. 

The Committee reports progress. Information on this subject is not 
developed sufficiently to warrant a report this j'ear, and it is recommended 
that the subject be continued. 


Appendix H 

(8) CORROSION OF RAIL AND FASTENINGS IN TUNNELS 

C. J. Geyer, Chairman, Sub- Committee ; J. V- Neubert, C. R. Harding, 
H. G. Aberg, J. B. Akers, L. H. Bond, L. W. Deslauriers, J. H. 
Dymock, W- J. Harris, F. W. Hillman, H. D. Knecht, F. H. Alaster, 
C. M. McVay, O. C. Rehfuss, I. H. Schram, T. P. Warren. 

The Sub-Committe’s progress report at the Convention last year was 
to the effect that corrosion is negligible in tunnels under 1000 feet in length, 
medium in tunnels 1000 to 2000 feet in length, hea\’y in steam operated 
tunnels over 2000 feet in length where special drainage has not been 
provided. Study of replies to questionnaires received too late to include in 
last report and further study of information in questionnaires making up 
last year’s report, tend to confirm the opinion that corrosion is materially 
reduced by good drainage and good ventilation, and further minimized by 
coating the rails and fastenings with a heavy oil, or some paints. 

The Sub-Committee is now attempting to find the money loss accoimt 
of corrosion and the approximate cost of preventative measures. 

This report is submitted as information and further study is recom- 
mended, and the subject to be continued. 
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Appendix I 

(9) METHODS OF REDUCING RAIL WEAR ON CURVES, 

WITH PARTICULAR REFERENCE TO LUBRICATING 

THE RAIL OR WHEEL FLANGES 

C. M. McVay, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding, 

W. G. Am, W. H. Bevan, R. W. E. Bowler, L. W. Deslauriers, J. J. 

Desmond, W. J. Harris, E. T. Howson, F. J. Jerome, H. D. Knecht, 

C. J. Rist, P. T. Robinson, I. H. Schram, G. L. G. Smith, J. B. Strong, 

E, D. Swift. 

Your Committee has been investigating the subject assigned for three 
years. Reports have been presented in Bulletin 314, of February, 1929, Vol. 
30, page 924, of Proceedings, and Bulletin 321 of November, 1929, Vol. 31, 
page 592, of Proceedings. 

In report contained in Bulletin 314 above, your attention is directed 
to Exhibits A and B covering data prepared by the Norfolk and Western 
Railway on several oiling locations. Exhibits C and D of report contained 
in Bulletin 321 cover the same rail. The Committee now presents Exhibits 
E and F covering data for one more year (1930) on the same rail. Section 
IS shown in original Exhibits A and B is blank due to rail having been 
relaid in this location. The rail on these 5 curves has now had five years’ 
service (laid in 1925) and is still in service. This is due to the application 
of oil as the high rail on these curves had to be renewed at least once per 
year prior to the adoption of the practice of oiling. 

Cost data for oiling by hand and machine is shown in reports men- 
tioned above. The Committee has nothing to add to this phase of the subject 
at this time. Cost figures secured vary so greatly due to variations in 
traffic and local conditions that it is impossible to reduce them to formula. 
In most cases, however, the Commttee finds that the cost of oil application 
is a small item compared to the benefits gained. 

The Committee feels that the information now being secured by it is 
largely duplication and that it is not necessary to go into this matter further 
at this time. The majority of roads are familiar with the practice. 

Attention is called to the fact that curve wear on the outer rail of curves 
can be reduced by the placing of guard rails on the opposite side. Many 
roads also are using alloy rails, such as rolled manganese rail, to prolong 
the life cycle of rail on cxarves. 

The work assigned this Committee calls particular attention to oiling 
and the Committee recommends that the following conclusions be adopted 
and published in the Manual and the subject be discontinued. 

Conclusions 

1. The lubrication of the gage side of outer rails on curves is eco- 
nomical where the life of rail is limited by excessive fiange wear on the 
outer rail. 

2. The lubricant may be applied (a) by an automatic mechanical 
device attached to the rail and operated by passing trains, (b) by hand 
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after the passing of each train, where the location is in territory regularly 
patrolled by a cut, tunnel or other watchman. 

3. To insure the best results special lubricants selected for the purpose 
shoidd be used. 

4. The distance that the lubricant is carried by the flanges can be 
readily determined and application governed accordingly. This will vary 
due to number of curv^es involved, grade conditions, amount of traffic, etc. 

5. Other economies gained from this practice are (a) decreased gaging 
of track on curves, (b) decreased wear on engine and car wheel flanges, 
(c) decreased flow of metal on inner rail which is due to widening of gage. 

Appendix J 

(10) CAUSE AND EFFECT OF BRINE DRIPPINGS, AND 
SUBMIT RECOMMENDATIONS 

W. G. Arn, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding, 

H. R. Clarke, J. E. Deckert, J. J. Desmond, O. F. Harting, F. \V. 

Hillman, E. T. Howson, T. T. Irving, T. Speiden, Jr., G. M. Strachan, 

C. R. Strattman, T. P. Warren, J. R. Watt 

At the Convention last Afarch, the Committee submitted the following 
recommendations, which are shown in Bulletin 321, of November, 1929, 
\'’olume 31, pages S96-S97 : 

(1) That the railroads require the maintenance of brine retaining 
apparatus on the meat-carrying or bunker type of cars in the best possible 
shape. 

(2) That the Mechanical Division continue vigorously its efforts to 
perfect a design for the fruit and vegetable carrying car that will permit 
of installation and operation of brine retainers on this type of car. 

(3) That the effort on the part of the car companies and refrigerant 
manufacturers to find a refrigerant which will take the place of ice and salt, 
and eliminate entirely the making of brine, and consequently its damage, 
be encouraged by the A.R.A. and the individual railroads. 

(4) That in the meantime the railroads continue the application to 
their structures of the protective agents mentioned and being tried on the 
various systems, and further to make tests of any additional agents which 
offer promising possibilities. 

The Convention accepted the above report as information and the subject 
was reassigned. 


Conclusions 

This report is recommended for adoption, request to be made on the 
American Railway Association that it take action on above recommendations 
Nos. 1, 2 and 3 (the maintenance of brine retaining apparatus is covered in 
American Railway Association Code of Rules (M.C.B.), Rule 3, Article 
r, paragraph 2, which reads as follows: 

“Rule 3 — Cars not conforming to the following requirements will 
not be accepted in interchange, or from car owners, as specified.^' 

“(r) (2) Refrigerator cars equipped with brine tanks: Suit- 
able device for retaining the brine between icing stations. From 
owners.”) 

It is recommended that the subject be discontinued. 
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Appendix K 

(11) GAGE OF TRACK AND ELEVATION OF CURVES, WITH 
REFERENCE TO THE USE OF ROLLER BEARINGS ON 
RAILWAY EQUIPMENT 

C. W- Breed, Chairmaii, Sub-Committee; J. V. Neubert, C- R. Harding, 
W. H. Bevan, L. H. Bond, R. W. E. Bowler, H. R. Clarke, J. J. 
Desmond, C. J. Geyer, W. J. Harris, F. W. Hillman, F. J. Jerome, 
H. D. Knecht, C. M. KcVay, J. B. Myers, G. L. G. Smith, C. R. Stratt- 
man, J. R. Watt. 

The Committee reports progress. Information on this subject is not 
developed sufficiently to warrant a report this year, and it is recommended 
that the subject be continued. 


Appendix L 

(12) EFFECT OF EXISTING MATERIALS IN TRACK ON 
THE DESIGN OF TIE PLATES AND PUNCHING THERE- 
OF, TOGETHER WITH THE INTERRELATION OF SLOT- 
TING OF JOINT BARS AND SIZE OF TRACK SPIKES 

J. de N. Macomb, Chairman, Sub-Committee; J. V. Neubert, C. R. Harding, 
W. G. Arn, W. H. Bevan, R. W. E. Bowler, W. G. Bro-wn, E- W. 
Caruthers, A. M. Clarke, H. S. Clarke, J. W. DeMoyer, L. W. 
Deslauriers, C. J. Geyer, W. J. Harris, O. F. Harting, F. W. Hillman, 
F. J. Jerome, H. D. Knecht, F. H. Masters, J. B. Myers, A. J. Neafie, 
C. J. Rist, P. T. Robinson, W. L. Roller, I. H. Schram, G. L. G. Smith, 
T. Speiden, Jr., E, D. Swift, J. R. Watt, J. G. Wishart. 

The Committee reports progress. Information on this subject is not 
developed st^ciently to warrant a report this year, and it is recommended 
that the subject be continued. 
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Committee, 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith its report covering the 
following subjects: 

(1) Revision of Manual. 

(2) Methods of roadbed drainage, including study of deformations of 
roadbed in the light of data developed by Special Committee on Stresses 
in Railroad Track, with special reference to drainage. 

(3) Influences affecting the life of fence wire and methods for pre- 
venting its corrosion. 

(4) Permanent roadbed construction, collaborating with Committees 
V — ^Track, VIII — Masonry, and Special Committee on Stresses in Railroad 
Track. 

(5) Good practices in grading, including making embankment and 
excavation by use of various kinds of equipment and by other methods. 

(6) Drainage areas, water runoffs actfi the proper sizes of waterway 
openings required under varying conditions. 

(7) Methods of correcting soft spots in railway roadbed where it is 
impracticable to stabilize by drainage. 

(8) Use of highway crossing plank and substitutes therefor, collaborat- 
ing with Committees V — ^Track, and IX — Grade Crossings. 

(9) Methods of roadway cross-sectioning calculations, measurements 
for monthly and final estimates, etc. 

(10) Cause and prevention of heaving of track, due to frost action, 
and maintenance methods while the effects of heaving are present, collaborat- 
ing with Committee V — ^Track, 

(11) Furnish the Special Committee on Clearances the information 
required by it pertaining to roadway. 

Bulletin 330, October, 1930. 
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Action Recommended 

1. It is recommended that the revisions of the Manual, the withdrawals 
from the Manual and insertions into the Manual as offered in Appendix A, 
be accepted and the Manual be revised in accordance therewith. 

2. That the finding of the Committee as given in Appendix B, Methods 
of Roadbed Drainage, beginning at the heading “Roadbed Drainage,” 
to the subheading “Recommendations,” be adopted for inclusion in the 
Manual and that paragraphs 1, 2, 3 and 4 of page 41 and paragraph 1 of 
page 49 in the 1929 issue of the Manual be withdrawn. 

3. On the subject of “Influences affecting the life of fence wire” the 
Committee’s report is given in Appendix C and it is offered as information 
and for discussion. 

4. On the subject of Permanent Roadbed the Committee’s report is 
given in Appendix D and is offered as information. 

5. On the subject of Good Practices in Grading, the Committee’s report 
is given in Appendix E, and it is offered as information and for discussion. 

6. On the subject of Drainage Areas and Water Runoff, the Committee 
reports progress. 

7. On the subject of Methods of Correcting Soft Spots in Roadbed, 
the Committee reports progress. 

8. On the subject of Crossing Plank, the report of the Committee is 
given in Appendix F, and is offered as information and for discussion. 

9. On the subject of Methods of Roadway Cross-Sectioning the Com- 
mittee’s report is given in Appendix G and is offered as information and 
for discussion. 

10. On the subject of Pleaving Track, the Committee’s report is given 
in Appendix H, and is submitted as information and for discussion. 

11. No information was called for by the Special Committee on 
Clearances during the year and, therefore, there is nothing to be reported 
upon under this subject. 


Respectfully submitted. 

The Committee on Roadway, 

C. W. Baldridge, Chmnnan, 



Roadway 


167 


Appendix A 


(1) REVISION OF MANUAL 

M. Jvl. Backus, Chairman, Sub- Committee ; H. B. Barry, W. A. Murray, 
J. A. Noble, W. M. Ray, E. M. Smith. 


(a) In the revision of the ^Manual made in 1926 — specifications covering 
‘‘overhaul” were omitted. Some criticism has been ma^le on account of this 
omission. To decide on the advisability '»f working up new specifications, a 
questionnaire has been sent to Class I Railroads of the United States and 
Canada. Up to October 2Sth, 33 railroads, a total of 133,173 miles, reported 
in favor of including in the Manual specifications covering “overhaul” ; 25 
railroads, comprising a total of 50,197 miles, stated saw no necessity for put- 
ting specifications in the Manual, and 4 railroads, comprising a total of 1696 
miles, replied stating that they did not have “overhaul” clauses in their con- 
tract, but made no statement as to whether “overhaul” specifications sliould be 
included in the Manual or not. Recommendations are therefore made that this 
subject be included for study for following year. 

(b) On page 28 — Section S — 1929 ^Manual under “Slopes” the term 
ordinary earth is used. On page 30, Section 17, under “Classification” the 
term common excavation is used. 

Suggestion is made that the term “common excavation” be used on page 
28, Section 5, instead of ordinary earth, and the reading will then be — 

Excavations : Common Excavation One and one-half to one 

Loose Rock One-half to one 

Solid Rock One quarter to one 

(c) Suggested that the words “except that the use of salt for snow and 
ice removal from station platforms, near electrified tracks and from switches 
in electrified territory should not be permitted” follow Section 13 on page 
74 under “Methods of Snow Removal,” which reads — “Salt should be used 
on switches only during that portion of the winter when the snow melts in 
daytime and freezes at night,” 

(d) Suggested that the words “Definition of Soft Spot” — soft spots 
are small areas in excavation or embankment, or the sub-soil under an 
embankment, saturated with water .and having a relatively small supporting 
power” appearing under Soft Spots, page 50, 1929 Manual be omitted in the 
interest of brevity as the same definition appears on page 23 under definitions. 

(e) Suggested that the words “Borrow (notin) — material removed 
from a borrow pit,” appearing on page 25 under “Grading,” be omitted as 
there is another and better definition appearing on page 23 under definitions. 

(f) The following specifications covering the manufacture of concrete 
fence posts and drawn up in collaboration with the Railways Bureau of the 
Portland Cement Association, are submitted for substitution of the specifica- 
tions appearing on pages 68-69-70-71 — 1929 Ma n ual : 
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SPECIFICATIONS FOR CONCRETE FENCE POSTS 
(I) Materials 

Cement, aggregate, water and metal reinforcement shall conform as to 
quality to the specifications for concrete of the A.R.E.A. as given under the 
subject “Masonr 3 ’,” except that the maximum size of coarse aggregate shall 
be not more than 5^ of the distance from reinforcement to outside of posts. 
Reinforcement shall be in the form of round or square bars, preferably 
deformed, or steel wires. Crimped, stranded or flat reinforcing shall^ not 
be used. When choice can be made between sizes of reinforcement it is 
better to use the larger number of smaller bars. 

(II) Proportioning and Mixing 

Proportioning and mixing concrete shall be in accordance with the 
specifications of the A.R.E.A. for concrete as given under the subject 
“Masonry*" with die exception that the compressive strength of concrete 
shall vary with the distance from reinforcement to outside of posts as 
follows : 

Edge Distmice Comp. Strength at 28 Days Water per Sack of Ce'ment 
3500 lb. 5 gallons 

4000 lb. 454 gallons 

4500 lb. 4 gallons 

(III) Manufacture 

Molds shall be substantial, true to plan and preferably of metal. They 
should be clean and coated with non-staining mineral oil or other approved 
material. 

Placing Reinforcing 

The reinforcing shall be securely held in position during the placing 
and setting of concrete. Metal spacers that would cause distinct lines of 
cleavage shall not be used. 

Compacting 

Concrete shall be thoroughly compacted into the molds and around the 
reinforcing. This is best accomplished by high frequency vibration of the 
molds. 

Finish 

All posts shall have a clean, smooth finish. If any pockets or holes are 
discovered upon removal from the molds, they shall be immediately filled 
with a mixture of one part cement to two parts fine aggregate. Pocfcets 
or holes more than 54 inch in depth or more than 54 inch in diameter, or any 
exposure of the reinforcing shall cause the rejection of the post. 

Curing 

Curing shall start within eight hours after molding and shall continue 
for the following periods of time : 

Moist curing, kept damp 10 days at moderate temperature. 

Steam curing, live steam, 2 days at temperature of 100 degrees. 

High pressure steam curing, 6 hours at 100 lb. steam pressure. 

Inspection 

All materials and all processes of manufacture shall be subject to 
inspection and approval at all times. Free access shall be provided for 
all authorized inspectors to all parts of the plant in which the posts or the 
materials are made, stored or prepared. 
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Tests 

Posts should be carefully made so as to secure a uniform strength in 
substantially all posts, and this strength should usually be such that the 
post will withstand a force of not less than 180 lb. at right angles to the axis 
of the iK)st, the post acting as a cantilever, beam supported at the ground 
line and the force being applied 60 in. above the ground line. 

Patents 

The manufacturer shall pay all royalties for the use of patented designs 
or devices or forms of construction and protect the Railway Company from 
all claims of infringements or liability for the use of such patents. 

(g) Suggested that when Manual is rewritten the material covering 
specifications for metal fence posts, appearing on pages 57 and 58 imder 
“Roadway,” be transferred to a position immediately preceding the material 
on concrete fence posts appearing under Signs, Fences and Crossings on 
page 68. 


Conclusions 

It is recommended that subject appearing under paragraph (a) be 
continued. 

It is recommended that suggestions made in paragraphs (b) and (c) 
be accepted for inclusion in the Manual. 

It is recommended that paragraphs (d) and (e) be withdrawn from 
the Manual. 


Appendix B 

(2) ROADBED DRAINAGE 

G. S. Fanning, Chairman, Sub-Committee; E. J. Bayer, W, G. Browm, J. F. 
Dobson, G. E. Ladd, E. R. Lewis, E. C. Oyler, W. M. Ray, H. M. 
Swope. 


INTRODUCTION 

Inasmuch as this subject was reassigned to the Roadway Committee, 
principally because of the criticisms made on the floor at the 1929 conven- 
tion that this subject was not adequately covered in the Manual, this Sub- 
Committee has undertaken a complete review and amplification of such 
material. 

The necessity for some special provision for roadbed drainage has been 
recognized in specifications for the formation of the roadbed from the 
time of the earliest construction in America (see A.R.EA. Proceedings, 
Vol. IV, 1903, page 10, for Baltimore & Ohio Railroad Specifications of 
1828) to the present. Of necessity specifications are quite general in word- 
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mg, leaving details to the judgment of the Engineer, as will be noted from 
the following quotations from the present A.R.E.A. Specifications: 

'‘Intercepting ditches, u'hcn ordered, shall be made at the top of the 
slopes of all cuttings where the ground falls toward the top of the slopes.’' 

“Ditches shall be formed at the bottom of the slopes in cuttings accord- 
ing to cross-sections shown upon the plans, or such modifications thereof 
as may be directed” 

“Subdrains of tile shall be constructed of the size and location as directed 
and to the depth and grade established for them.” 

Too much is left to orders and direction which are never given. Innum- 
erable instances are noticeable in which much expenditure after constiuction 
might have been avoided if the drainage features had not been neglected, 
either through false economy or ignorance. 

The following report is offered as a specific guide towards the preven- 
tion and cure of the cunditinns arising from the neglect of roadbed drainage 


ROADBED DRAINAGE 
Outline 

Scope. 

Importance. 

Recommended Practice : 

A. On Location. 

B. On Construction : 

I Surface Drainage: 

Intercepting ditches for cuts. 

Intercepting ditches for fills 
Side ditches. 

II. Sub-surface Drainage: 

Pipe drains. 

French drains . 

III. Special problems during construction • 

Long cuts. 

Multiple tracks. 

Yards. 

Station grounds. 

C. On Maintenance : 

I. Maintenance of ditches. 

IL Maintenance of drains. 

III. Special problems of maintenance : 

Soft spots. 

Slides. 

Scope 

This subject has to do with the artificial surface and sub-surface 
drainage of the cuts and fills which make up the roadbed, as distinguished 
from the drainage of the natural surface of the ground by natural waterways. 

Importance 

Adequate drainage of railroad roadbeds is a matter of major importance 
to every railroad company, more particularly so in these times of almo-st 
universal demand for high speed in transportation. High speed operation of 
trains depends primarily upon good track. It is axiomatic that excellence 
of track depends dierctly upon stability of the roadbed. It is quite as evident 
that stability of roadbed depends on minimizing moisture and that minimum 
moisture depends upon adequate drainage. 

It may be said, therefore, that a fundamental principle of railroad 
location, construction and maintenance is to keep the roadbed dry. 
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RECOMMENDED PRACTICE 
(A) Location 

Location Considerations 

Due consideration to probable roadbed drainage conditions should be 
given by locating engineers in selecting locations, particularly to avoiding, 
wlicre it is economically practicable to do so, 

(1) Cuts in wet springy ground. 

(2) Long cuts on low grade lines. 

(3) Fills across swamijy ground which cannot readily be 
drained. 


( B ) Construction 
(I) Surface Drainage 

Construction 

1. Every reasonable means should be employed to intercept the natural 
course of water from outside sources that would otherwise reach the 
roadbed. 

Intercepting Ditches for Cuts 

2. Through ground sloping transversely, intercepting ditches should 
be made on the upper side of all cuts where ditches may be opened without 
becoming the proximate cause of slides to the roadbed, 

The size of the ditch should be determined in each instance by hydraulic 
calculations based on tlie quantity of water to be carried. The minimum 
ditch should be one foot deep and three feet wide on the bottom, with slopes 
to suit the soil. 

The minimum grade for intercepting ditches should of 0.3 per cent. 
If the grade of any ditch necessarily be so great as to produce eroding 
velocities, paving will be necessary. 

The distance of the top of slope of the ditch from the top of the slope 
of the cut should be sufficient (not less than 10 ft.) to prevent seepage of 
water from the ditch through the ground to the slope of the cut. Where 
the soil is of such a permeable nature as to make this impossible, the inter- 
cepting ditch should be tightly boxed or paved. 

As far as practicable intercepting ditches should be made in advance 
of excavating the cuts. The material excavated from the ditch should be 
deposited on the side of the ditch towards the cut. The slope of the waste 
bank from its summit toward the ditch should be as long as is feasible. In 
crossing light depressions in the hillsides, levees may be constructed and the 
hillside filled in above the levee so as to bring its surface up to the grade of 
the ditch. The top surface of this fill should preferably be of puddled clay. 

Intercepting Ditches for Fills 

3. Intercepting ditches should be constructed along the toes of the 
slopes of such embankments as rest upon soils which may become unstable 
if saturated, for the purpose of diverting from the surface upon which 
the embankment rests the water flowing tow^ards the embankment. Such 
ditches should be of as great depth as economy of construction warrants 
so as to aid in drying the unstable soil and in removing such water as will 
reach the ditch by percolation through the embankment. 

The distance between the toe of the embankment and the top of slope 
of the ditch should be sufficient (not less than 10 ft.) to avoid any danger 
of causing slides in the embankment. 

In flat country, where the embankment has been made from side borrow, 
the intercepting ditch should be located near the right of way line and 
should be deep enough to drain the borrow pits. In all cases the area between 
tlie embankment and the ditch should be graded so as to slope towards the 
ditch to prevent water standing in pockets along the toe of the embankment. 

The data given above for dimensions and grades of intercepting ditches 
for cuts applies also for ditches at the toes of embankments. 



172 


Roadway 


Side Ditches 

4. Side ditches should be constructed at the foot of the slopes in cuts 
through all classes of material, for the dual purpose of draining the roadbed 
and protecting it by intercepting and carrying off the accumulation of 
surface water from the slopes due to rainfall and seepage. These ditches 
should be kept well below the subgrade. 

They should be of sufficient capacity, determined by hydraulic calcula- 
tions, to take off readily the water from the heaviest rainstorm and of such 
shape as can most easily be cleaned. The minimum side ditch should be 
constructed and maintained on a true grade, not less than 0 3 per cent with 
ample pitch at the outlet. 


Conclusion 

The present report covers the subjects in the outline down through 
Surface Drainage on Construction. The material included in the Recom- 
mended Practice is taken almost entirely from A.R-E.A. Proceedings. The 
Committee recommends the adoption of the report beginning at the Outline 
for publication in the Manual, replacing the following existing material; 

Page 49 — Drainage of Large Cuts — Paragraph (1). 

Page 41 — Surface and Sub-Surface Drainage — Paragraphs 
(1), (2), (3) and (4). 

The Sub-Committee has accumulated considerable material to con- 
tinue this report in accordance with the outline, but it awaiting certain 
unpublished information with respect to the use of perforated corrugated 
iron pipe which has been offered to it for consideration. 

The Committee recommends that the subject “Roadbed Drainage” be 
continued until completed in accordance with the Outline. 


Appendix C 

(3) INFLUENCES AFFECTING THE LIFE OF FENCE WIRE 
AND METHODS FOR PREVENTING ITS CORROSION 

W. C. Pruett, Chairman, Sub-Committee ; T. A. Burgess, L. J. Drumeller, 
J. S. Goodman, H. W. Legro, W. F. Monahan, H. M. Swope, Thomas 
Walker. 

The Committee has assembled some data on this subject but at present 
can report information only. Reference is made to the studies on this 
subject as .appearing on page 607 of the 1925 Proceedings and page 425 
of the 1926 Proceedings. In following up the information contained in 
these former reports it is found, as has been stated, that the influences 
affec^g the life of fence wire are : its nearness to the coast, various mines, 
and industrial plants; locations in swamps and wooded country; frequent 
burning of vegetation under and about the wire, heavy snows, abuse by 
trespassers, and damage by live stock Information has been secured of 
several tests that have been and are now being conducted to determine the 
best methods of overcoming these adverse influences, 

A test in close proximity to the Gulf made with different types of 
wire a few years ago, on the Gulf and Interstate Railroads, a part of the 
Santa Fe System, which extends from Bolivar’s Point to Beaumont, Texas, 
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shows the following results: An ordinary iron barbed wire, extra heavy 
galvanized, which tested four one-minute immersions in copper sulphate 
solution of standard strength, was installed. An inspection foiur and one- 
half months after erection disclosed on the bottom strand of wire prac- 
tically all of the barbs rusted to such an extent that the galvanized coating 
in a number of places was entirely gone and deterioration by rust very 
great. 

A copper-bearing steel barbed wire with ordinary galvanizing was 
installed and upon inspection four years and seven months after erection, 
showed very little deterioration except arotmd the barbs where there was 
some signs of rust but not to a great degree. An inspection of this wire 
six years and seven months after erection showed a portion of the wire 
having been changed out, but some yet in service with an estimated addi- 
tional life of two to three years. 

Black barbed wire leadized was installed and inspection six months 
after erection showed it to be badly rusted and weak in several places. 

An ordinary galvanized barbed wire painted with a good grade of paint 
was installed and upon inspection seven months after erection was found to 
be completely covered with salt spray around the barbs and twists of the 
wire; the paint was eaten off and pockets formed, causing the wire to 
wear out faster than the galvanized unpainted wire at the same location. 

Another test conducted by one wire manufacturer in conjunction with 
the C. F. Burgess Laboratories, Inc., of Madison, Wis., was installed near 
Galveston, Texas, between February 13 and 15, 1928, and was concluded on 
January 3, 1930. In this test nine different makes of barbed wire and 
thirty-nine different makes and types of woven wire were installed. Actual 
laboratory tests of pieces of wire taken from these samples before being 
applied in the test, develops that the zinc coating on this wire averaged 
from .08 oz. to 2,11 oz. of coating per square foot of metal. The barbed 
wire with a coating of from .22 oz. to ,36 oz. per square foot of metal was 
found to be in very poor condition; whereas, barbed wire with coating 
averaging from .50 to .87 oz. per square foot of metal was found to be in 
very good condition. The woven wire with a coating of from ,08 to .48 
oz. per square foot of metal was in poor condition, while the woven wire with 
a coating of ,87 to 2.11 oz. per square foot of metal was foimd, in most 
cases, to be in excellent condition. 

In this test there was used also, wire which in addition to being gal- 
vanized was of a copper-bearing steel. This copper-bearing steel wire with 
only a light coating of galvanizing made a much better showing than the 
non-copper-bearing wire equipped with a heavy zinc coating. On the non- 
copper-bearing wire, it was observed that as soon as the galvanizing had 
been corroded from the steel, that the steel began rusting at a very rapid 
rate as was evidenced by loose, thick, flaky, rust and deep pitting. A 
point of weakness in all the woven wire was found in the stays. This is 
possibly due to the practice of applying a lesser amount of zinc coating to 
the stay wire in order to prevent its flaking while being wrapped around 
the line wire. The rusting of this stay wire, especially at the wrap caused 
the line wire to corrode very rapidly at that point. The same condition was 
evident at the barbs of barbed wire. 

The development during ffie past few years of copper-bearing steel 
which is being used successfully in the manufacture of wir^ should prove 
of much benefit in preventing the destruction of wire through rust, even 
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after the zinc coating may have corroded. This was clearly indicated by 
the test conducted by C. F. Burgess Laboratories at Galveston. The corro- 
sion resisting steel even with a lesser coating of zinc withstood the salt 
atmosphere much better than the heavj’’ zinc coated non-copper -bearing steel. 

The process of galvannealing, referred to on page 607 of the 1925 Pro- 
ceedings, is reported to have shown, both by field test and by laboratory 
test, to withstand corrosion much better than the ordinary galvanizing. 
The treatment through the annealing furnace partially remelts the zinc 
coating and causes to be dissolved therein an added amount of iron from 
the steel base forming a three-layer instead of a two-layer structure, which 
is clearly shown in the photomicrographs of a sample that had been etched 
with 1 per cent hydrochloric acid for one minute. This forming of an iron- 
zinc alloy by the heat treatment, should produce a stronger bond between 
the coating and the base, that in addition to furnishing longer galvanic 
protection, will also provide a better bending quality. 

A field test report on wire and fencing, as mentioned on page 425 of 
the 1926 Proceedings to be conducted by the American Society for Testing 
Materials under the direction of the Chairman of Test Committee on Cor- 
rosion of Iron and Steel, Mr. J. H. Gibboney, Chief Chemist of the Norfolk 
■& Western Railway, has been delayed due to the unsatisfactory condition 
of samples collected, brought about by faulty conditions while holding the 
material in storage- The Committee is informed that new material is 
being collected and specimens will be placed on test racks within the 
coming year and that we may anticipate some information from this test. 

There has just recently appeared on the market a wire which consists 
of copper being welded to the core of steel made by the molten welding 
process. This wire has the appearance of possessing excellent corrosion 
resisting properties. The Committee has been unable to find where any 
installation has been made of this wire for test purposes. It is hoped that 
more definite information may be obtained on the service of this type of 
wire for future report. 


Conclusions 

1. Zinc is the most suitable protective coating for wire. 

2. The protection afforded by galvanizing is determined by the amount 
of zinc coating per square foot of surface treated. 

3. The galvanizing on barbs of barbed wire and the stays and wraps 
of woven wire is usually the first to fail. 

4. The use of corrosion resisting steel for the base in wire is almost 
equal — if not better — ^than a good coating of galvanizing. 

5. The annealing treatment produces an iron-zinc alloy which has 
proven by tests to provide a longer life to coating with the resultant longer 
period of galvanizing protection to the steel base, against ordinary corrosion. 

6. Damaging effect to the zinc coating on wire, resulting from the 
burning of vegetation under and about the wire, is very pronounced. 

Recommendations 

This report is submitted as information only, and it is recommended 
that this subject be reassigned for the succeeding year in order that further 
study may be made on the tests now under way, and that further information 
may be obtained by actual uses. 
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(4) PERMANENT ROADBED 

A. E. Botts, Chairman, Sub-Committee; Paul Chipman, J. F. Dobson, T. 

Pittman, \V M. Ray, E. M. Smith. 

The study of permanent roadbed construction through this year has 
failed to locate any new tests being started. 

Various t^’pes of permanent roadbed construction are used by different 
railroads in tunnels and terminals but the majority of these have been in 
detail brought to the attention of the Association. 

The old and new* concrete roadbed installation of the Pere Alarquette 
Railroad near Beech, Michigan, are reported on by Mr. Paul Chipman 
as of September 4, 1930, as follows : 

First Installation 

This was placed in operation on December 19, 1926. There has been 
no change in the condition of the roadbed itself since my report of a year 
ago. However, the south rail was changed out on July 11, 1930. This rail 
rests directly on the concrete, and the track was beginning to get rough, on 
account of batter at the joints near the east end of the test section. Traffic 
pushes the rail west, but at the /west end it is held by the rail on the new 
section. For this reason the joints at the east end have always been more 
open than they should be. 

The rail taken out was new 90-pound rail when laid in December, 1926, 
and was replaced with selected 90-pound relay rail. A series of careful 
measurements of batter were made on both rails shortly after this rail was 
changed and readings will be taken at intervals in order to secure more 
accurate data in this respect. On the west half of the slab, where the joints 
are tight, the batter is comparatively small. The behavior of this rail clearly 
indicates that the length of joint gap has a marked effect on the amount of 
batter. It also clearly indicates the advantage of a thin layer of some more 
compressible material between the rail and the concrete. 

On account of the arrangement of the rail clips, fish plates were used 
at the joints. It was thought that these w'ould serve as well as angle bars, as 
the rail is continuously supported. Probably no small share of the excessive 
batter at these wide joints was due to this fact. Five of the plates developed 
cracks where they were nicked by the rail head, indicating a considerable 
stress in transferring the rail wave through the joint. These all occurred at 
joints where the opening was excessive. 

The cost of maintaining this one-quarter mile section during the past 
year was as follows : 


October, 1929 — Bonding rail $ 37.70 

December, 1929 — Renew 27 bolts 28.12 

Helping Signal Dept 28.74 

Change out rail 9.87 

May, 1930 — Change 3 rails 28.64 

July, 1930 — Change 1287 ft. rail 173.01 


$306.08 

Three of these items, totaling $21.52 cover changing out rail and two 
items totaling $66.44 relate to signal work made necessary by a design 
which did not adequately provide for insulation. The remaining item of 
$28.12 renewing bolts, was also the result of a faulty design, the bolts being 
too light for the stresses to which they are subjected at points where there 
is a slight depression in the rail seat. 

It has been realized for seme time that the batter on_ this rail was more 
than normal, but information was desired as to tlie relative batter of a rail 
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resting directly on the concrete and one where a thin cushion is used. The 
cost of its replacement should therefore be charged to experimentation rather 
than maintenance, when comparison is made with ordinary trac^, as its 
renewal at this time could have been avoided by interposing a cushion, using 
angle bars instead of fish plates, and keeping the joints tight. Approximately 
18,000,000 gross tons had passed over this rail before it was removed. 

On the nearby one-quarter mile section of ordinary track, on which 
comparison has heretofore been made, the cost of maintenance was as 
follows : 


August, 1929 — Surfacing $ 8,83 

October, 1929 — Surfacing 11.28 

February, 1930 — ^Tightening bolts and spikes 14.62 

March, 1930 — Surfacing 19.92 

April, 1930 — 61 ties 100.65 

July, 1930 — ScuflSng weeds 12.49 


$167.79 

New Installation 

This was placed in operation September 20, 1929. It is in the same 
condition as when installed, except that at two of the joints spalling of the 
surface, similar to that found at some of the joints on the old installation, 
has occurred. This is probably due to poor material used in finishing at 
these points. No cracks have appeared. 

The method used for seating and fastening the rail has been quite 
satisfactory. The board under the rail shows no indication of wear. When 
operation first began, the holding down bolts showed a tendency to become 
loose, on account of wear between the rounded end of the bolt and the 
small casting which rests on the rail. After a few weeks these surfaces 
became adjusted, after which it was only necessary, to tighten the bolts at 
long intervals. There has been practically no creeping of the rail since 
the first few days of operation, and very little batter. Most of the joints 
are tight at a temperature of 60 degrees or more. An increase of tempera- 
ture merely puts the rail under a compressive stress, which is transmitted 
to the rail support through the fastenings. This is apparently true to a 
certain extent in regard to contraction also, the tensile stress being trans- 
ferred to the rail support in like manner. This indicates the probability 
that rail could be laid with close joints at almost any temperature above 
the freezing point, and thus prevent a large part of the batter which would 
ordinarily occur, or welded and thus prevent it entirely. 

There has been no e^ense for maintenance on the new installation, 
except for a few hours tightening bolts, most of which was done in the 
first month of operation. 



Concrete Roadbed, Pere Marquette Railway 
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Appendix E 

(5) GOOD GRADING PRACTICE 

H. T. Livingston, Chairman, Sub-Committee; E. J, Bayer, J. D. Elder. 

J. L. Fergus, J. A. Given, David Hillman, E. R. Lewis, H. AI. Swope, 

O. H. Wainscott. 

“Grading,” as termed by the Interstate Commerce Commission classi- 
fication, includes cost of clearing, grubbing, excavating, grading of roadbed, 
and the installation of protection for an embankment, as -well as the 
expense of changing the courses of streams to improve drainage, and to 
avoid the necessity of constructing bridges. For discussion, the Committee 
has considered the general subject of “Excavations and Embankments” 
only. Each project of construction presents certain limitations that make it 
impossible to specify, empirically, the type of equipment to use. Most 
of the railroads have certain work equipment which they use for maintenance 
purposes, or when a Contractor’s equipment will interfere with train opera- 
tion, but for work, not immediately adjacent to existing tracks, it is generally' 
more practicable to contract major projects. 

The Contractor receives a proposal, which describes the work to be 
done, and, in which, quantities are given approximately. Attached to the 
proposal is a set of specifications and, possibly, a plan and profile. The 
Contractor should visit the site of the proposed work and inform himself 
on all of the local details of topography; soil; transportation facilities; 
availability of fuel, water and sustenance for men and animals; average 
weather conditions; popularity of the project with local inhabitants; avail- 
ability of local labor and local wage rates; and such other details as may 
apply. Theoretically, the Contractor bids on the project, having a definite 
plan for construction; however, bids are also influenced by competition and 
insufficient time to give adequate study. General Contractors have at all 
times a considerable plant that may consist of nearly every type of excavating 
machine, and yet they may be forced to purchase or rent entirely new or 
different equipment if a profit is to be made, or a loss avoided. 

The successful bidder on a project signs a contract wherein he agrees 
to complete, by a certain date, a given project. Types of contracts vary, 
in that bonuses are given for earlier completions, and penalties inflicted for 
failure to complete. These variations in form do not change the fact 
that a definite time has been assigned for accomplishment, and in accordance 
with fixed rules described in the specifications. The contract, specifications, 
plan and locale become the determining factors that govern the types of 
equipment that should be used. 

Railroads demand speed in completion of most work, for three principal 
reasons; namely, (1) Necessity to make the savings in operation which 
the project promises; (2) Reduce the interest on investment accruing during 
the period of construction; (3) Reduce the period of construction, where 
construction work affects an operated line and increases operating costs. 

This demand for siieed in construction tends to produce a roadbed 
that will be subject to a longer period of solidification and subsidence; a 
condition that must be met by further care, study and increased expense 
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during construction. Alost difficulty is experienced with new embankments, 
due to such causes as weak subsoil, sliding excavated material, quantities 
placed too dry in fills, superimposition of heavy stone on light material, 
and construction of embankments from trestles. 

Where weak top or subsoils occur under high embankments, some rail- 
roads excavate the original ground and haul in suitable material for a base. 
When this plan is not feasible, a mat of logs may be laid and the fill placed 
thereon. The subject of slides cannot be discussed here, except in so far 
as they may occur during construction. They are generally overcome by 
constructing a bench, or berm at the base of the fill Material should not 
be placed in an embankment too dry, as it will “swell,” and later settle 
below grade after a period of saturation with water. Many railroads, and 
some of the State Highway Commissions, now specify that embankments 
shall be treated by the addition of water as they are built, and that they 
shall be built in horizontal layers of from one to six feet in thickness 
and then compacted with 10 to 15 ton road rollers. One railroad specifies 
that when fills are cast in from the side with drag lines, the work shall be 
done in 2-foot lifts and each layer rolled with not less than a 10-ton road 
roller. When such requirements are demanded, Engineers should not permit 
the use of caterpillar equipment as a substitute, as such equipment has very 
little weight per unit of area. 

When material is placed in embankments by hydraulic methods, the 
material is usually sand, and results have shown very few failures, and 
little settlement in the completed work. The tendency to *‘wash” can be 
overcome by riprapping, paving, or sodding. Generally, in excavating a cut, 
the rock is found in the lower portion, and is removed after the earth has 
been stripped. To overcome the placing of this heavy material on top of 
an earth fill, or earth core, the quantity of the earth coming from the top 
of the cut can be computed and the fill completed to full section for the 
distance that there is available material. The excavated rock should then 
be placed as a complete section, in a similar way. If steam shovel and 
trestle is used, it would be desirable to make the center portion with earth, 
and the ends of the fill with rock, and the reverse arrangement if no trestle 
is used. It is thought that an embankment having its extremities built of 
rock, would be ideal construction, as the loose stone would serve as large 
^'French drains,” and prevent water from reaching the fill from adjacent 
cuts. 

A complete preparation of the site of operation is desirable, before the 
movement of the major quantities is begun. On side hill embankment loca- 
tion, the original ground should not have slopes in excess of one foot 
vertical to ten feet horizontal, at right angles to the centerline of the 
embankment. When slopes are in excess of the above, the ground should 
be “stepped” or scarified to insure bond with the new material. Surface 
ditches should be constructed to protect cuts, their distance from the cut to 
be governed by depth of cut and character of the soil. Berms at the base 
of embankments should be ample to prevent breaking under the weight of 
the embankment- Slopes in cuts and on fills should not exceed the angle 
of repose of the material used. 

The present trend in railroad, as well as highway, grading practice is 
toward the use of mobile equipment, with few operators. The question of 
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“haul” has been almost eliminated, and material is now carried as much as 
three miles. This does not mean that it can be hauled for nothing, but 
rather that, in balancing excavation and embankment quantities, it is now 
possible to use material economical^’, that a few years ago would have been 
wasted, or additional curvature introduced to avoid excessive quantities. IfTo 
definitely state the economic distance which each type of equipment will 
serve is impossible. Topography, soil and weather govern, and a study 
of each project would be necessary to decide. 

Many projects lend themselves -to the economic use of different types 
of equipment within the same area, where quantities a’-e unusually large. 
One lailroad is constructing a change of line across a river, where the grade 
line is about 60 feet above water. The lower portion of the embankment 
is being built of good sand pumped from the river. The upper portion of 
the fill is “cored in” by the use of steam shovel ' equipment and narrow gage 
cars, which dump from a trestle built on the sand base. Upon completion 
of the earth core, the fill is to be completed by use of “cat” wagons. 

A resume of various types of equipment now in use will include: (a) 
Steam or gas shovels, with either standard or narrow gage dump cars, han- 
dled with steam, gasoline, electric, or air locomotives. (b) Draglines: 
These may be operated by steam, gasoline or fuel oil, and may cast material 
directly into a fill or waste it from a cut, or may be used to load haul-off 
equipment, (c) Ditching machines: These are variously powered, but are 
generally gasoline operated. These machines are used principally for 
trenching for sewer, water, tile lines, etc. (d) Clam Shells and Orange 
Peels: Variously powered and generally used where excavated material is 
under water, in cofferdams, or in piles, or when material cannot be handled 
readily with steam or gas shovel. They are especially adaptable where 
material to be excavated is to be moved only within the radius of the boom, 
("e) Hydratdic Pumps: This type of equipment is adaptable for use in 
construction of embankments when good sand is available within a reasonable 
distance from the embankment, and there is an unlimited supply of water 
available. This has proved to be a very economical method, where the 
size of quantities has warranted the installation of the plant and pipe lines. 

Other types of equipment in use are principally the units that complete 
the plant for haul-off and finishing operations. They include dump cars, 
plows, spreaders, “cat” wagons, bull dozers, scrapers or road graders, 
scarifiers, road rollers, trucks, caterpillar trucks, etc. Gasoline engine 
powered equipment seems to find favor with most Contractors, especiallj' 
when poor highways are the only means of transportation to the site of the 
work. “Caterpillar” wagons and trucks are practically a necessity when 
“on time” completion is required, and where the material to be handled 
is unusually wet. A type of “cat” wagon that will dump in any direction 
is now on the market. There are trucks that substitute the rear wheels 
with caterpillars. On this newer type of equipment, a Contractor should 
carefully estimate his overhead expense, especially depreciation, repairs and 
interest. Much of the equipment now on the market has not been tried for a 
long enough period to determine its average life. Diesel engine driven equip- 
ment seems to have found favor with many Contractors, but there have 
been enough breakdowns to warrant a close study by manufacturers to 
prevent their present high frequency. A breakdown, for but a few shifts 
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duration, may mean failure for a Contractor, even though the actual cost of 
such failure is assumed by the Manufacturer. 

This report does not attempt to cover specifications for grading, nor 
to specify equipment to be used, but merely mentions and partially lists 
types of equipment and methods now in use. Any project must be given 
study, and the solution sought, that will circumvent the difficulties, and 
accomplish the desired results, and show a reasonable profit to the Company 
that performs the work. 
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(8) THE USE OF HIGHWAY CROSSING PLANK AND 
SUBSTITUTES 

F. W. Hillman, Chairman, Sub-Committee; J. A. Given, E. J. Bayer, J. S. 

Goodman, R. L- Kittredge, W. F. Monahan, P. T. Simons. 

The subject as assigned to the Committee is Study and Report on the 
Use of Highway Crossing Planks and Substitutes, collaborating with Com- 
mittee V — Track and Committee IX — Grade Crossings. 

As stated in last year’s report, the time element must be determined 
more definitely before cost of installing the more expensive and seemingly 
more permanent types of highway crossing materials can be justified. In 
connection with this the cost of maintaining substitute materials must be 
considered. Then, too, as most of the so-called permanent types, to justify 
their use, must last longer than the time that track can be left without 
repairs, the ease and cost with which they can be removed and replaced must 
be taken into account. Also, consideration should be given to the pos- 
sibility of salvaging the materials and placing elsewhere if crossing is 
eliminated. 

As is generally known, the railway cost accounting system does not 
lend itself readily to determining this very essential information and it can 
be obtained only by special observation and cost keeping data. Very few, if 
any, railways appear to have gone this far in their study of Substitutes for 
Highway Crossing Plank. Many have kept accurate costs of installation, 
but few segregate cost of track work from cost of installing the crossing 
materials, which is very essential for a proper comparison. 

A worthwhile test has been recently started by the Chicago, Milwaukee, 
St. Paul & Pacific Railway in the Chicago, Illinois, District. A report from 

G. T. Jackson, Special Engineer of this Railway, on this installation follows : 

“During the past two years the Chicago, Milwaukee, St. Paul and 
Pacific Railroad has installed various types of street and highway crossings 
in the Chicago District to see if an economical crossing could be developed. 

“Two years ago we installed a rail type crossing where our main tracks 
cross River Road which is a high speed highway carrying truck, bus and 
auto traffic. 

“Drainage conditions were ideal in that our tracks are on an embank- 
ment 4 feet high and made of a good grade of gravel. The crossing is only 
200 feet from the Des Plaines River and well above water level so that 
surface and subsoil drainage conditions are good. 


“The track structure consists of 130-lb. rail on two tracks and 100-lb. 
rail on the other two. Sawed treated oak ties 7" x 9 ” x 8'6" were used. 
The ballast consists of 8 inches of crushed limestone supported by the 
compact gravel fill. All joints in the running rails were welded. 

“Nine 65-pound rails were used inside the running rails and three outside. 
White oak shims 8 inches wide spiked to the ties were used to bring the 
65-pound rail level with the running rail. 

“Concrete slabs 12 inches thick were placed between the tracks with a 
54-inch expansion joint at the end of the ties. The tracks including the 
65-pound rails were concreted from the bottom of the ties to the top of the 
running rails. 

“The crossing so far rides good both on the highway and on the 
railroad and is in the same condition as when placed. A crossing of this 
type can only be used where drainage conditions are such that the track will 
not require attention and it may be that some other type of crossing will 
prove as good and at the same time provide for easier track maintenance. 

“During the past year in the Union Station District in Chicago W’e have 
installed 7 armored, 6 unarmored concrete slab crossings, 4 malleable and 2 
steel crossings each 50 feet wide. These crossings are at points where 
streets cross our team track yard. The traffic consists of trucks and heavy 
loads from Gantry Cranes in the District. None of the crossings have 
been in long enough to form an opinion as. to their relative economy or 
riding qualities. 

“On all of the crossings the construction is the same. Tile drains were 
installed between the tracks and about 4 ft. below base of rail. Ninety-pound 
rail with welded joints, sawed, treated, plated oak ties 7"x9"x8'6" with 
8 inches of gravel ballast were used. The subgrade consisted of 12 to 18 
inches of old cinders and gravel on a wet clay subsoil. 

“After about six months the concrete slabs showed some signs of 
wear and to protect the slabs a coating of asphalt 54 to 5^ inch thick was 
applied. This seems to be giving good results, but has yet to stand the 
winter test, which may cause the asphalt to peel off. 

“The metal crossings so far shows no signs of failure. At all the cross- 
ings there are 12-inch concrete slabs between the tracks and concrete pave- 
ment outside. As was expected after inspecting a number of crossings the 
joint between the concrete pavement and the crossing is one of the difficult 
things to provide with any of the crossings. The best result so far have been 
obtained by placing an offset in the concrete each side of the crossing 
2 inches by 6 inches. The face^ of the concrete at ‘the bottom being 1 inch 
from the end of the tie. This gives a space 3 inches by 6 inches between the 
crossing and the pavement and extends from the top of the tie to the 
surface of the pavement. An oak strip 3 inches by 4 inches was placed 
in the bottom of this space and a layer of asphalt and stone 2 inches by 3 
inches was placed on top to make the joint between the crossing and pave- 
ment. 

“In this same district we have standard plank crossings made of 4-inch 
oak on the same track structure. We have placed an asphalt wearing 
surface 54 inch thick on some of these crossings to see what the effect 
will be, 

“After the track has been put in shape to receive the crossing the cost 
for a single track crossing has been as follows : 

4-inch oak plank $ 5.00 track foot 

Concrete slabs 10.00 track foot 

Metal 20.00 track foot 

Rail type 12.00 track foot 

“It is too soon to form an opinion as to the merits of the various types 
of crossing; with the wide difference in cost there must be corresponding 
savings in maintenance or more satisfactory service, 

'We hope in the next 5 years to begin to form an opinion as to the 
relative meirts of the various crossings now in use and some other t 3 pes 
we have in mind.” 
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A report from the Chicago, Burlington & Quincy Railroad stales that 
about 1920 or 1921 a steel plate and angle crossing was placed on Fifth 
Street, Burlington, Iowa, on a sidetrack crossing of a fairly heavy traffic 
street. This crossing has required practically no maintenance since instal- 
lation, has been easily removed and replaced when necessary to renew ties 
and surface track. There is now some evidence of corrosion which, however, 
is not as yet serious. 

There seems to be considerable question as to whether concrete slabs 
or plank should be armoured or unarmoured. The armoured slab consisting 
of steel protection around wearing surface edge of concrete slab is con- 
tended to obviate the breaking off of corners or edges. In the unarmoured 
slab attempt is made to overcome this by chamfering the edges. Experience 
from the old concrete highway in which steel plates were used at con- 
struction or expansion joints indicates that the concrete surface wears down 
in time and leaves steel plate projecting, resulting in uncomfortable bumping 
of vehicles. 

The Chicago, Cleveland, Cincinnati & St. Louis Railway has used 
concrete slabs extensively with satisfactory results and favor the armoured 
slab- Their installation costs are from $8 to $10 per linear foot of track. 

The Chicago, Milwaukee, St. Paul & Pacific Railway installed un- 
armoured slabs in some crossings at Madison, Wisconsin, about five years 
ago. The edges were chamfered and so far they do not show any objec- 
tionable chipping. 

The Erie Railroad has made a number of installations of armoured 
concrete slabs in its large team yard in Chicago and other places from 
which useful data should be obtained. 

It is evident from reports (hat a first-class quality of concrete should 
be used and there is some thought that what failures have occurred have 
been due quite largely to use of poor concrete. Then, too, care should be 
taken to have uniform bearing on ties spaced uniformly and so that ends 
of slabs will bear upon a tie. 

The Southern Railway System reports very satisfactory results with 
the rail type crossing. They have used this type for a number of years 
and have many installations in Indiana, Illinois and Kentucky where crossed 
by high speed improved highways. They are used in automatic signal and 
train control districts and in such instances an insulated wooden strip is 
used in place of the middle rail. Where crossings are extremely wide the 
rails are cut in center of crossing so that one side can be taken up and 
repaired without completely tying up highway traffic. Care is taken to put 
track in first class condition, renewing ties and ballast before constructing 
crossing so that track does not have to be touched for a long time. The cost 
and convenience of this type of crossing results in opinion that it is the 
cheapest to use. 

Recent designs of rail type crossings take care to flare the end of 
first rail inside of running rail the same as on standard guard rail construc- 
tion, something which was not done on earlier installations. 

One railroad recently installed a number of crossings of bituminous 
material across a track laid on a newly constructed embankment. Within a 
comparatively short time track had settled so that crossings had to be 
removed so as to surface track. Decision was made to use wooden plank 
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until track has settled sufticienth and bituminuu^ materials used only when 
embankment is w'ell solidified. 

One type of crossing tried consists of laying a layer of plank on ties 
parallel to running rails and another layer of planks laid on top crosswise 
or parallel to the highway traffic with sections of cast iron flangeways next 
to the rail. One railway reports this type not satisfactory from a track 
maintenance viewpoint. 


Appendix G 

(9) METHODS OF ROADWAY CROSS-SECTIONING 
CALCULATIONS AND MEASUREMENTS 

J Vawter, Chairman, S ub- Committee ; H. B. Barry, T. A. Burgess, L J 
Drumeller, J. L. Fergus, T. M. Pittman. 

The Committee has made no extensive study of the subject nor searched 
for a number of different methods of calculations and measurements of 
cross-sections, but has onl 3 ’ used the experience of some of its own members. 
The methods given are those that the Committee feels can be used with a 
small amount of labor and computations. 

REGULAR SECTIONS 

In field measurements for regular roadbed sections, the common method 
of recording cross-section notes is satisfactory and rapid. This consists of 
calculating the height of the level above the proposed subgrade, this 
value being called the grade rod. When the elevation of the level is below 
the subgrade, the grade rod has a negative value. If the rod reading at any 
point on the section is subtracted from the grade rod, the amount of cut or 
fill at that point is obtained. Positive values indicate cut and negative values 
fill. Typical notes for a cross-section for a fill are given below, the roadbed 
iDeing 20 ft. in width. This section is shown in Fig. 1. 

L C R 

„7.4 _6.0 —5.2 —4.8 —5.0 —4.6 

21.1 11 0 6 10 16.9 

This can be computed in a number of ways, either by calculating the 
areas of the various trapezoids individually or by using some of the shorter 
methods. There are a variety of favorite methods used by different field 
men, the method of approach being different in some as to whether it is a 
one-level, three-level, or some other number of readings at the section. 



Fig. 1 
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The basic methods for calculating cross-section areas is to multiply the 
average of adjoining readings by the distance between them. This gives the 
area of the trapezoid between the subgrade and the original ground line. 
From the sum of these trapezoids must be subtracted the areas of the two 
triangles which have the extreme side readings for altitudes, the subgrade 
extended for the base, the side slope being the other side (see Fig. 1). 

To illustrate : 

7,4 + 6.0 6.0 + 5.2 5.2 + 4.8 4.8 + 5.0 

XlO.l-i X11+ X6-i X4 + 

2 2 2 2 

5.0 + 4.6 . 7.4X11.1 4.6 X 6.9 

X 6.9 = 155.05 sq. ft. 

2 2 2 

If desired the sum of the adjacent readings may be multiplied by the 
distance between them and the final sum divided by two. 

This method is simple and advantageous for young field men to use, as 
they can readily understand the reason for each step in the computations. 

The following method is applicable to any number of readings per sec- 
tion and is simple and direct. It appears in a variety of forms in field books, 
some of which involve applying certain algebraic signs to either numerator 
or denominator and using these signs in the computations. The first step 
is to add a reading of zero over one-half the roadbed on each side of the 
cross-section, the notes now reading, 

0 — 7 . 4 ' —6.0 —5.2 —4.8 —5.0 —4.6 0 

10 21.1 11 0 6 10 16.9 10 

In the method below, each numerator is multiplied by the distance 
between adjacent readings, these are added together and divided by two, the 
result being the area of the cross-section. In the section above, since 10 is 
less than 11 and is given as an outside distance, the difference between these 
two readings is necessarily — 1. 

To illustrate : 

X (7.4 X (— 1) + 6 X 21.1 + 5.2 X 17 + 4.8 X 10 + 5 X 10.9 + 4.6 X 0) = 
155.05 sq. ft. 

By comparing the separate multiplications above with the triangles 
formed by the dotted lines in Fig. 1, it is seen that each multiplication, except 
the end ones, gives twice the area of two triangles, the amount of cut or fill 
being the common altitude of tlie two triangles. Only the double area of a 
single triangle is computed in the first and last multiplications of the equa- 
tion. When the reading first inside of the slope stake is outside of the 
roadbed, the area of this triangle is negative; and when the reading is inside, 
the area is positive. This is shown on the left side of Fig. 1, where the 
base of the triangle outside of the embankment is — 1 and its altitude is 7.4. 
The area of this triangle must be subtracted from the other areas, since it 
has been included in the other multiplications. Since double areas have been 
calculated, the final summation is divided by two so as to obtain the correct 
area. 
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For a three-level section such as the cut section below, the roadbed being 
28 ft., the method is quite direct. 

+ 6.4 +7.0 +7.4 

20.4 0 21.4 

Completing the section, 

0 +6.4 + 7.0 + 7.4 0 

14 20.4 0 21.4 14 

Computing, 

^-4 (6.4 X 14 + 7 X 41.8 + 7.4 X 14) = 242.9 sq. ft. 

6.4 + 7,4 7 

This readily reduces to Xl4+— X41.8, or the average of 

2 2 

the end cuts, times one-half the roadbed, plus one-half the center cut, times 
the distance between slope stakes, which is the commonly used method of 
calculation for three-level sections. 

The above method is just as easily used for side-hill sections and does 
not have the disadvantage of some similar methods where the zero measuring 
point is moved from the center stake to the grade point. 

Given the section below, the width of roadbed being the same as the cut 
and fill sections above: 

L C R 

— 3.2 —2.6 0 +1.0 +3.0 +3.4 

14.8 11 6 0 12 17.4 

Completing, 

0 —3.2 —2.6 0 +1.0 +3.0 +3.4 0 

10 14.8 11 6 0 12 17.4 14 

54 (3.2 X (— 1) + 2.6 X 8.8) = 9.84 sq. ft. fill 
(1.0 X 18 + 3 X 17.4 + 3.4 X 2) = 38.5 sq. ft. cut 

It is not necessary actually to write in the values of zero over one-half 
the roadbed in completing the section, as the computer can readily carry 
them in his mind, but if he desires to write them in he can do so in the 
note book where the cross-sections are recorded. It is expected that the 
levels and cross-sections will be recorded on the left hand page, so that 
there is sufficient room on the right hand page for separate columns for 
cut and fill areas and volumes, and also a column for mass volumes. 

The sections above were completed by adding zero over one-half the 
width of cut or fill roadbed since the sections represent single track roadbeds 
and the base line is the center line of the track. On multiple track construc- 
tion or where the base line is not the center line of the roadbed, the sections 
are completed by adding zero over the distance from the base line to the edge 
of the roadbed on either side. 
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IRREGULAR SECTIONS 

The term “irregular section" is assumed to apply to any borrow pit, 
gravel pit, or any incomplete or other cut or fill that does not have a 
constant width roadbed with uniform slopes on the two sides. 

This type of section in general involves more work in computations than 
the regular sections, but there is no reason for tliis being true. The normal 
method of taking notes is to take cross levels across the section at intervals, 
recording the elevations of all criticial points on each section. 

Sometimes these cross-sections are plotted on cross-section paper and 
the areas computed by calculating the area of each separate geometric figure 
involved. This involves a great deal of work and expense. 

Sometimes, for partial estimates, the area.s are obtained from the plotted 
cross-sections by means of a planimeter. This is more rapid than computing, 
but unless the plotted cross-sections are desired for other purposes, the areas 
can be computed directly from the notes. 

In Fig. 2 an irregular section is shown for a cut. The values shown on 
the figure represent the elevations above the datum plane, which in this case 
is tlie bottom of the cut, and therefore represent the normal method of 
recording cross-section notes. They are shown over the corresponding 
distance out from the base line. 

This area can be computed by averaging two adjoining elevations and 
multiplying by the distance between them, this method being similar to the 
first one under Regular Sections as the areas of trapezoids are being com- 
puted. One set of calculations is made for the ground line and another for 
the cut, and the difference between the two areas gives the correct area. 

To illustrate: 

30-f 32 32 + 30 30 + 27 27 + 28 

_X30 + — X10 + X10+ X10 + 

- 2 2 2 

28 + 25 

Xll =2091.5 

2 


30 + 20 20+13 13 + 10 10 + 2 

— — ■X10 + X4 + X6 + --— X7 4- 


2 + 0 3 + 0 3 + 8 8+11 

X3 + X3 + X4H X6 + 

2 .2 2 2 

11 + 17 17 + 25 

X4 + X 4^653.5 


Area 2091.5 — 653.5 = 1438 sq. ft. 

It is not necessary that the bottom of the cut be horizontal nor that the 
datum^ plane be at the bottom. Zero datum can be assumed anywhere. The 
base line can be on one side of the cut instead of in the center. Dividing by 
two can be done once after all addition*? and subtractions. 
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The measurements for original ground line and final estimates are 
made by one railroad with a bar and rod, using the bar witli a spirit level 
to measure horizontal distances and an ordinary level rod to measure vertical 
distances. The same care is not necessary for monthly estimates, nor need the 
sections be taken at as frequent intervals. In steep rock cuts they often 
take final cross-section with a transit, measuring the vertical angles and 
using a tape, the distance being measured along the line of sight. 

A method of computation similar to the second method used above for 
regular sections is also often used. In using this method it is not necessaiy* 
to determine the elevations of the various points, but merely to record the 
rod readings. The section is completed in this case by adding the amount 
of the opposite end-reading over zero to each end. 



Ill Fig. 3 is shown the same section as in Fig. 2. The figures above 
represent the rod readings on the original ground surface and those below, 
the rod readings in the completed cut, the level being at a different elevation 
in each case. 

The first set is completed as below: 

9 4.0 2.0 4.0 7.0 6.0 9.0 4 

y 40 10 0 10 20 31 0 

Computing as before, 

54(9X(—40)+4X(—10)+2 X 40-|-4 X 20 + 7 X 20 + 

5 21 + 9 X ( — 20) + 4 X ( — 31) ) = — 139 sq. ft., which is the area above 

the straight dotted line joining the two end readings. The negative sign 
indicates that a cut is necessary to bring the original surface to a straight 
line. 


For the completed ditch, 

7 2 12 19 22 30 32 32 32 29 24 21 15 7 2 

40 30 26 20 13 10 0 10 13 17 23 27 31 0 
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Computing, 

K (7X (—40) +2X (—30) -1-12X 14 + 19X 10 + 22X 13 + 

30X 10 + 32 X 13+ 32X20 + 32X13 + 29X7 + 24X 10 + 21 X 10 + 

15 X 8 + 7 X (— 27) + 2 X (— 31) ) = 1299 sq. ft, which is the area below 
the dotted line. 

The total area then is 1299 + 139 = 1438 sq. ft. 

It will be noted that the number of computations involved in this method 
is more than in the one just preceding. This method has one advantage, 
however, in that it is only necessary to record rod readings and ignore true 
elevations. It is not even necessary that the line of sight be level, but only 
that it be straight. For monthly estimates it would be sufficiently accurate 
to stretch a string across at each section. 

In either method a permanent base line should be laid out at the time 
the cross-sections are made of the original ground surface. If the location 
of the edge of the ditch is known in advance, readings should be taken at 



those points. If not, the preliminary cross-sections should be tied to some 
permanent bench mark, so that the edge of the ditch may be co-ordinated with 
the original sections later. Otherwise it will be necessary to prorate to 
obtain this value. 

All of the above methods of calculating are equally applicable to cuts 
or fills, or a combination of the two. 

VOLQMES 

In grading, volumes are ordinarily computed by the average end area 
method, in which the average of the two end cross-sections multiplied by 
the distance between them gives the volume in cubic feet. This divided by 
27 gives the volume in cubic yards. 

On roadbeds the cross-sections are normally taken 100 ft. apart, with 
intermediate sections at breaks in the ground or at grade points. On 
irregular sections it may be necessary to take the cross-sections at more 
frequent intervals. For monthly estimates the distance between .sections may 
be increased. 
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Appendix H 

(10) HEAVING TRACK 

C. S Robinson, Chairman, Sub-Committee; A. L. Bartlett, J. D. Elder, 
R, L. Kittredge, E. R. Lewis, R. T. Middleton, W. A. Murray. 

Cause and prevention of heaving track due to frost action and mainte- 
nance methods while the effects of heaving are present. 

Cause 

When water collects unevenly under the track and expands, due to 
freezing, the track is lifted higher above the wet spots than the dry spots 
and produces what is known as “heaved track.” The extent of heaving 
depends upon the character and condition of material in the ballast and 
subgrade, amount of moisture retained and the extent and duration of low 
temperature. 

Prevention 

The cost of maintaining shimmed track is a very considerable factor 
and the application of shims and braces in territories where relatively high- 
speed trains are run requires the attention of a maintenance force experienced 
in this work. 

The loss of service life in cross-ties due to spiking of shims and braces 
is readily appreciated by a glance at the picture below. 



Illustratiis'g the Damage to Cross-Ties from Spiking of 
Shims and Braces 


With the tendency towards increased axle loads and higher speeds the 
difficulty of maintaining good riding track where shimming is required is 
more important, and, therefore, careful study and considerable expenditure 
are warranted to eliminate heaving track where possible. 

In new construction too much emphasis cannot be placed on the care 
that should be exercised to obtain good surface and sub-surface drainage, 
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and depressions that will hold water or prevent proper drainage must not be 
allowed. A proper depth of suitable ballast is a primary requisite. 

On existing tracks drainage and clean ballast are the greatest factors in 
eliminating heaving of track. 

Where heaving occurs in isolated places on fills much may be accom- 
plished by digging out these places; the subgrade being removed two feet 
or more to provide proper drainage and prevent formation of water pockets ; 
the excavation backfilled with locomotive ashes or clean coarse gravel; or 
other porous material and then applying an adequate depth of good ballast. 

In wet cuts the installation of perforated underdrains backfilled with 
porous material gives excellent results. 

Also, much may be accomplished by plowing off the subgrade shoulder 
with spreader to insure that there is no material that prevents the drainage 
of the ballast section or that would form water pockets. 

Where heaving extends over a considerable territory a thoroughly ditch- 
ing and ballast program is the only satisfactory method of prevention. 

Maintenance Methods 

Where the action of the frost requires that the track be shimmed, track 
must be brought properly to surface by shimming on each side of the high 
spots. 

Shimming must be done in such a manner as to give the track the 
proper surface, gage, line and strength, and a runoff of sufficient length 
provided to give a good riding condition. 

Sawed and bored shims of approved hard woods and shim spikes of 
proper length should be used. 

The track to be shimmed should first have the ties thoroughly cleared 
free from snow and ice. Shims should be placed squarely in relation with 
the tie and spiked through holes provided. Shims should not be driven in 
at an angle between the spikes. 

Shim spikes, as a rule, should be of sufficient length to give a penetra- 
tion in the tie equal to the penetration on unshimmed track. 

The track gages and levels should also’be used to insure that the track 
is brought to good surface, and proper elevation maintained on curves and 
their approaches. 

Rail braces and gage rods should be used to maintain proper gage and 
to prevent the rails from canting or spreading. 

Shimmed track must be given daily inspection to insure that the brac- 
ing is in proper shape and that the shims are being changed as required, 
both while the frost is going in and coming out 

Shims, as a rule, vary in thickness from in. to 3 in. The following 
statement and plans show standard shims and braces in use on several roads 
subject to heaving track, and instructions as to thar application: 
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Conmiittce. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the 
following subjects : 

(1) Revision of Manual. 

(2) Analysis of operation of railways that have made marked progress 
in the reduction of labor required in maintenance-of-way work. 

(3) Effects of recent developments in maintenance-of-way practices 
on gang organization (such as use of heavier rail, treated ties, and labor- 
saving devices, which make practicable small section forces, and conducting 
the major part of maintenance work with extra gangs), collaborating with 
Committees I — Roadway, II — Ballast, III — Ties, IV — Rail, V — ^Track, and 
XVII — ^Wood Preservation (Appendix A). 

(4) Economies resulting in the diversion of traffic on multiple track 
lines for maintenance purposes (Appendix B). 

(5) Practical methods of hand and spray painting (Appendix C). 

(6) Practical methods of stabilizing maintenance-of-way forces. 

(7) Methods of weed killing, collaborating with Committee XVII — 
Wood Preservation and Special Committee on Maintenance-of-Way Work 
Equipment. 


Action Recommended 

(1) No revision of Manual recommended. 

(2) That the subject be continued for further study. 

(3) That the report be accepted as information and the subject be 
continued for further study (Appendix A). 

(4) That the report be received as information, the conclusions be 
approved for publication in the Manual, and the subject be discontinued 
(Appendix B). 

(5) That the subject be continued for further study (Appendix C). 

(6) That the report be received as information, the conclusions be ap- 
proved for publication in the Manual and the subject be discontinued. 

(7) That the subject be continued for further study. 

Respectfully submitted, 

The Committee on Economics of Railway Labor, 

F. M. Thomson, Chairman, 
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Appendix A 

(3) EFFECTS OF RECENT DEVELOPMENTS IN MAINTE- 
NANCE-OF-WAY PRACTICES ON GANG ORGANIZATION 
(SUCH AS USE OF HEAVIER RAIL, TREATED TIES, AND 
LABOR-SAVING DEVICES, WHICH MAKE PRACTICABLE 
SMALL SECTION FORCES, AND CONDUCTING THE 
MAJOR PART OF MAINTENANCE WORK WITH EXTRA 
GANGS) 

F. S. Schwinn, Chairman, S ub- Committee ; A. E. Botts, H. F. Fifield, F. J. 
Meyer, A. N. Reece, G. B. Farlow, Wm. Carpenter, H. M. Stout, J. J. 
Baxter, John Evans, C. H. R. Howe, C. H. Paris, E, E. Oviatt, 
H. A. Cassil, J. A. Parant, T. S- Bond. 

The subject was taken up by personal correspondence with the chief 
maintenance officers of twenty representative railways in all parts of the 
country, eighteen replies being received. These indicated, almost without 
cxcepticin, that the railways had adopted heavier rails, improved ballast 
sections and treated ties as standards, and that the use of labor-saving 
devices, particularly tie tampers, ballast cleaners and discers, track mowers 
and burners, rail laying machines, ditchers, spreaders and hoists, had 
l:)ecome v'ery nearly universal. 

The general trend of the replies, however, was to the effect that the 
resulting economies had not made much change in gang organization beyond a 
reduction in the unit labor requirements for performing certain operations. 
While the labor needed for relaying a ton of rail, placing a cubic yard of 
ballast or similar operation had been reduced, with corresponding reduction 
ill the size of extra gangs required for certain jobs, there had been but little 
effect on the size of section gangs. This was explained generally by the 
statement that economies which were made in the unit cost were offset to a 
large measure by the requirements of higher standards of maintenance, 
greater train speeds and heavier traffic. 

In an effort to more fully develop the subject the correspondence was 
followed up with a selected number of railways which might be in the best 
position to furnish detailed information. The results of this correspondence 
are briefed as follows: 

(I) RAILWAYS WHICH HAVE INCREASED LENGTH AND 
DECREASED NUMBER OF SECTIONS 

The Atchison, Topeka and Santa Fe Railway reports no changes in 
maintenance-o£-way practices as affecting gang organization. Rail renewals 
and ballasting are handled by extra gangs supplied with necessary modern 
labor-saving equipment. Some reduction in section forces has been made 
through the use of motor cars and consequent lengthening of sections. 

The Delaware, Lackawanna & Western Railroad has not endeavored 
to transfer ordinary section work to extra gangs, but, on the contrary, leans 
toward the tendency of giving more work to section forces, this including 
some rail renewals and tie and ballast renewals when labor is plentiful. A 
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material reduction has been made in the number of sections by consolidation 
of adjoining sections, but this has been done primarily with the view of 
economizing in supervision, cost of flagging and similar items, and has been 
found very successful where coupled with up-to-rlate motor cars, trailers, tie 
tampers and similar equipment 


(II> RAILWAYS WHICH HAVE REDUCED TRACK FORCES 

The Baltimore & Ohio Railroad has not undertaken to transfer normal 
section maintenance to large extra gangs. Results obtained tlirough the use 
of improved materials and labor-saving machines have been ver\' noticeable, 
records indicating a reduction of 25 per cent in track labor during the past 
ten years, and, in the case of rail la\iiig, it now requires that 6.5 man hours 
per ton as compared with 9.6 man hours ten years ago. 

The Chicago & Illinois Midland Railway has in recent years made large 
reductions in section forces as a result of economies obtained by the use 
of improved materials and labor-saving equipment, but it has not trans- 
ferred ordinar 3 ^ section work to extra gangs or changed its standard 
maintenance practices. 

The Delaware and Hudson Company has not transferred any work 
commonly performed by section gangs to extra gangs, but, on the contrary, 
la^’s much of its rail during winter months by consolidating the section 
forces in large gangs. Track labor expense has been consistenth' reduced 
by means of improved supervision, organization, stabilization of forces and 
the use of labor-saving equipment. 

The Missouri Pacific Lines in Texas have made no changes in standard 
maintenance practices affecting gang organization; all ordinary maintenance 
l^eing assigned to section gangs, ballasting and rail renew^als being han- 
dled by extra gangs. Results of the use of imi>roved track materials and 
modern labor-saving equipment have been noticeable in average amount of 
track labor required, this having been reduced approximatelj' 30 per cent 
during the past five years in the face of a large increase in traffic. 

The New York Central Railroad has made no change in its practices 
with regard to track maintenance, extra gangs being used in ballasting and 
new rail laying. Section forces continue to handle all ordinary maintenance 
and are held responsible for such maintenance. Economies have been 
obtained through the use of modern labor-saving equipment but the number 
of men employed on track maintenance has not been reduced. 

The Northern Pacific Railway has not transferred to extra gangs an\ 
work commonly included as section work. Extra gangs are utilized only 
for ballasting and rail renewals. Track maintenance expenses have been 
reduced in recent years as the result of introduction of creosoted ties, heavier 
rail and improved ballast. The only change in extra gang practice has 
been in the adoption of the plan for carrying out all main track relays with 
a system of relay gangs. 

The Southern Pacific Company continues to handle the major part of 
ordinary maintenance with section forces. Rail renewals and ballasting 
are handled by extra gangs especially organized for such work. In addition, 
large maintenance gangs are used for resurfacing track out of face, this 
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being done in connection with pneumatic tampers and ballast cleaning. An 
appreciable reduction in total track labor has been shown as the result of 
the use of heavier rail, creosoted ties and labor-saving equipment of all 
types. Some reductions in cost have been made through increasing the 
length of sections. 


(HI) RAILWAYS WHICH HAVE TRANSFERRED SECTION 
\VORK TO EXTRA GANGS 

The Chicago, Milwaukee, St. Paul and Pacific Railroad has made large 
reductions in its section forces and has transferred resurfacing and heavy tie 
renewals to extra gangs fully equipped with labor-saving machines. This 
has permitted taking full advantage of ever>^ possibility in securing economies 
from these machines. These large maintenance gangs are able to resurface 
an average of 2.8 feet per man hour, including tie renewals averaging 
approximately 700 per mile. Improvements in supervision and organization 
and the use of labor-saving machines have reduced labor and work train costs 
in ballasting about 20 per cent in the past three years, and in rail renewals 
about 40 per cent in the past six years. 

The Great Northern Railway has transferred certain maintenance work 
to a floating gang on each supervisor’s district, this gang being made up 
through a corresponding reduction in section forces partially obtained by 
increasing the length of sections. It is fully equipped with labor-saving 
machines required for the work assigned to it in connection with resurfac- 
ing and the attending tie renewals and application of additional ballast. Thi.s 
has eliminated the need of supplying each section with such equipment. 
This change in practice has resulted in the performance of more and 
better work of this nature with economies estimated at over $2,000 per year 
per section. No changes have been made in ballasting and rail renewal 
practices, this class of work being handled as before by specially organized 
and equipped extra gangs. The composite result of changes in organization, 
improved equipment and heavier track materials is a reduction of about 40 
per cent in track labor as compared with pre-war requirements, this reduc- 
tion being obtained in the face of heavier traffic demands. 

The Pennsylvania Railroad has assigned all heavy repair work, includ- 
ing rail renewals, track raising, tie spacing and renewals, and heavy work 
of all kinds to large extra gangs, with a resulting reduction in the size 
of section gangs, this last being obtained in a few instances by the 
lengthening of sections. The purpose of these changes was to stabilize the 
ordinary maintenance forces, permit section forces to devote a greater por- 
tion of their time to maintaining the riding conditions of the track under 
heavier traffic requirements and to permit concentration of heavy repairs in a 
smaller number of larger gangs fully equipped with modern labor-saving 
machinery which could be kept working continuously instead of intermit- 
tently. Results of labor-saving machinery are indicated by the fact that it 
required one man-hour to install 15 feet of 130-Ib. rail using hand labor 
throughout, while with tlie present modern equipment one man-hour is needed 
in placing 34 feet of 130-lb. rail. 



Economics of Ra i 1 w a y Labor 


197 


ilV) RAILWAYS WHICH REPORT XO EFFECTS OX GANG 
ORGANIZATION 

The Chesapeake and Ohio Rail\va 3 ’ reports no reduction in size ni 
section ^^ani^s or change in gang organization as a result of eccinomie'- 
obtained from modern labor-saving equipment or improved track materials. 
X^o section maintenance work has been transferred to extra gangs. 

The Chicago, Rock Island Pacific Raihvar- reports securing ver^ 
favorable economies from the use of labor-saHng equipment, but >nch 
savings have been offset by increased demands resulting from heavier 
traffic, and no changes in gang organization have been undertaken. 

The Erie Railroad reports that no changes have been made in its main- 
tenance practices which would transfer to extra gangs aiu' work commonl\ 
included as section work. 

The Michigan Central Railroad reports that section gang^ have not been 
reduced a.s the result of improved track materials and ordinarv' maintenance 
w'ork has nut been transferred to extra gangs. 

The Pere Marquette Railwav' has continued its past practice of handling 
all regular maintenance through section gangs and performing ballasting 
and rail renewal work with extra gangs No reductions have been made in 
track forces. 

The Western Pacific Railroad has made no changes in its standard 
practices. All ordinary' maintenance is handled by section gangs and small 
extra gangs, one of which is assigned to each roadmaster’s district. Rail 
renewals and ballasting are handled by large extra gangs equipped with 
labor-saving machines designed for such work. 

An analysis of the replies briefed above leads to the following 
observ'ations : 

(a) Nine of the reporting railways, or SO per cent, advise the^* 
have made reductions in track forces. In a number of instances 
such reductions have been made bj* increasing the length and de- 
creasing the number of sections, while in other cases forces have 
been reduced without changing the number of sections. 

(b) Three of the reporting railways, or 17 per cent, advise 
they have transferred work generally considered as ordinarv track 
maintenance from section gangs to extra gangs. 

fc) Six of the reporting railvvav’s, or 33 per cent, advise thev' 
have made no changes in their gang organization. 

Conclusions 

(1) Recent developments in maintenance-of-way practices such as the 
use of improved materials and labor-saving devices have reduced the 
amount of track labor required for adequate maintenance. 

(2) It is apparent that these developments in maintenance-of-way 
practices should permit the transferring of the heavier routine maintenance 
work from section gangs to specialized gangs equipped with modern labor- 
saving machinery with large resulting ecunomv'. 

Recommendation 

The Committee recommends that this report be received as information 
and the subject be continued. 
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Appendix B 

(4) ECONOMIES RESULTING IN THE DIVERSION OF 
TRAFFIC ON MULTIPLE TRACK LINES FOR MAINTE- 
NANCE PURPOSES 

E. T. Howson, Chairman, Sub-Coinmittee ; Lem Adams, Carpenter, 

G. B. Farlow, H. I'. Fiheld, H. H. Harsh, F. K. Oviatt, J. C. Patterson, 
G. A. Phillips, D. M Rankin, A. N. Reece, H. Al. Stout, (i. M 
Strachan, W. H. Vance 

The exacting demands for greater production and lower costs in rail- 
way maintenance, together with the wider use of power machines and tools 
by maintenance of way forces, are necessitating drastic changes in many 
of the former methods of doing w^ork. Some of these newer practices, 
which have resulted from the changing conditions which the mainteiiancc- 
of-way department must meet have become well established, while others arc 
still in the transitional stage. The subject which was assigned to this Sub- 
Committee falls into the latter class. 

To determine the extent to which the practice is followed of diverting 
traffic on multiple track lines to facilitate maintenance operations giving 
uninterrupted use of the tracks during the progress of the work, a ques- 
tionnaire was sent to 32 Chief Engineers and Engineers Maintenance of Way 
of large roads to develop information conceniing their practices. They were 
asked to describe the provisions that are made for handling traffic during 
the periods of diversion; to give data as to the benefits accruing from the 
unrestricted use of the track and the savings that have been effected b\ 
this practice; and to state what effect this practice has had on the trans- 
portation department and the attitude of the operating officer.s. 

Replies were received from 31 of these roads having a mileage in 
excess of 197,000. Only two of these roads do not under any circumstances 
divert traffic to facilitate the work of the maintenance forces. Right other 
roads gave conditional answers, saying that traffic has been diverted in 
some instances, but that it is not the general practice to do so. The replies 
from this group of roads indicate that the maintenance officers are favor- 
ably disposed towards the practice of diverting traffic but do not do so 
either because of opposition on the part of operating officers or because 
the density of traffic makes it impracticable. The maintenance officers on 
these roads are convinced that they would be able to effect economies by 
diverting traffic to secure the uninterrupted use of the track, but have no 
data as to the amount of saving that could be effected. The remaining 21 
roads report that they make a general practice— a few limit it to laying 
rail — of diverting traffic for this purpose and find definite economy in 
doing so. 


PROVISIONS FOR HANDLING TRAFFIC 

The provisions for handling the traffic during the diversion period, as 
outlined in the replies, vary between rather wide limits, even on individual 
roads; depending primarily on the density of traffic, the method of opera- 
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tion invohed, to some extent oil the grades and alinemeiit over the sections 
in question, and the character of the work being i)erformed. 

In case the work requires the use of one track of a double track line 
during bridge repair or renewal, so that only a few hundred feet of single 
track is necessary, some roads install temporary hand-thrown switches at 
each end, or construct a gauntlet, and handle train movements with a flag- 
man who has instructions to give preference to passenger trains and certain 
important freight trains. One road, however, installs spring switches at 
such locations set for tlie normal direction of train movement. 

Where the track that is to be killed is longer, requiring artificial mean? 
of communication, temporary crossovers are installed and the provisions for 
handling trains range from a special form of manual block operation inde- 
pendent of the dispatcher and handled by flagmen at each end, who com- 
municate with each other by telephone, to single track operation by train 
order only. In the latter case, temporary telegraph offices are installed and a 
ciualified operator is placed at each end of the single track. In some instances 
a trainmaster is placed in charge of the train movement and the flagmen 
or operators report ttj him. Two roads require that a pilot engine precede 
every train. 

On a number of roads, the single track extends from station to station 
and the movement of trains is under tlie direction of the dispatcher and tlie 
regular station operators. Where permanent facing crossovers are available, 
they are used in making the diversion; otherwise, temporary facing cross- 
overs are installed to avoid back-up movements. 

Four roads reported that on some sections of their lines interlockings 
are in service at practically every station, in which case the diversion is 
handled through the interlocking. Two of these roads which commonly 
use the tracks without reference to normal direction, report that traffic 
diversion is so nearly a routine matter that no special provisions are neces- 
sary, except that they get permission to occupy the tracks during a certain 
period of the day and notify the dispatcher of the arrangement. Still 
anotlier road handles the diverted traffic by signal indication only, on those 
sections that are signaled for both directions. One road reports that where 
there are three or more tracks in service, the traffic is routed in the normal 
direction over the remaining tracks. 

Some roads divert freight trains only and require that the track under 
repair be restored for all regularly scheduled passenger trains. Others shift 
the hours of work to avoid passenger trains, while still others divert pas- 
senger trains but shift the tour of duty to take advantage of the light traffic 
period of the day. 

BENEFITS FROM DIVERTING TRAFFIC 

The benefits which accrue to the maintenance-of-way department 
through the unrestricted use of the track include increased output, thus 
shortening the time necessary to complete the work; full use of power 
equipment, which adds materially to the economy of its use; the elimination 
of the necessity for the removal of heavy machines such as rail cranes, com- 
pressor' or generator-power plants, power jacks, adzing machines, etc., 
from the track to clear trains ; the ability to use larger gangs and organize 
them on a production basis, thus securing better supervision and a higher 
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quality of work, as well as ^I'eater output per man; a marked decrease in 
the time lost in waiting for trains which fail to arrive at the point of the work 
according to schedule : the elimination of the time lost in restoring the track 
for the passage of trains; the abilitj' to maintain correct expansion when lay- 
ing rail because trains are kept off of the track until rail anchors can be 
applied; the possibility of work trains being able to work continuously, as 
they also have the benefit of the dead track; and an increase in safety 
since fewer personal injuries occur. 

EFFECT ON THE TRANSPORTATION DEPARTMENT 

On lines of or during periods of extremely dense traffic, particularly' where 
there are numerous high-speed passenger trains, the diversion of the traffic 
may be difficult but seldom impracticable. In some instances objection has 
been raised to tlie practice in automatic train control territory on the ground 
that the train-control apparatus must be cut out while passing over the single 
track, and some difficulty is encountered in doing this. 

In general, the transportation department is benefited by the shorter 
time required to do the work as compared with methods that entail constant 
interruption. Consolidation of several gangs, or the use of a larger gang, 
reduces the number of points where speed restrictions are necessary, so that 
over a given district traffic may be considerably expedited It is the general 
opinion of those officers who are most experienced in this practice that, 
except in special cases, operating conditions are materially improved. 

Of necessity, some delay will be met by certain trains but these arc 
usually inferior trains. If the two departments work in close harmony, 
the total amount of this delay can be reduced to a surprisingly small total. 
On some roads inferior trains are scheduled out of terminals at such hours 
as to make their influence practically negligible Where this is n(Jt done, 
however, the total delay is almost invariably less than that suffered as a 
result of slow orders, waiting for the track to be restored and the longer 
time required to complete the work. 

ATTITUDE OF OPERATING OFFICERS 

It has been the almost invariable experience that, when the proposal to 
adopt this practice has first been presented to operating officers, they have 
opposed it. It is of interest, therefore, that the 21 roads reporting that the 
practice is general on their lines, say, without exception, that the mainte- 
nance forces are accorded full co-operation and that the operating officers 
are heartily in favor of this method of doing the work, 

ECONOMIES THAT ARE EFFECTED 

It is obvious that the actual saving which can be effected by giving 
the maintenance forces the unrestricted use of any track will depend on 
several factors, the most important of which are the number of train move- 
ment over the track and the size of the gang. Observations on the Chicago 
& Eastern Illinois indicated that a period of 20 minutes is required to close the 
track for each train movement when laying rail. If the gang contains 60 
men, this delay is equivalent to 20 man hours. Moreover, if the train does 
not arrive exactly on schedule, the work suffers further delay. Again, two 
flaginen are required, which increase.s the expense of Ihis method. 
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Other roads estimate the saving when laying rails as follows: The Xe^\ 
York, New Haven & Hartford, SI a ton; Norfolk & Western, $1 to $2; 
Boston & Maine, $2 to $3, installing tie plates I 54 cents each; Lehigh Valley’, 
$10 per ton maximum ; Illinois Central, 15 per cent ; Canadian National, 25 
per cent ; Chicago & Alton, 30 to 40 per cent, equivalent to $300 per mile ; 
Baltimore & Ohio, 35 to 40 per cent; Cleveland, Cincinnati, Chicago & St 
Louis, a maximum of 50 per cent; Chicago, Burlington & Quincj*, $50 to 
$100 a mile and $15 to $30 a day for work-train service; Northern Pacific, 
$100 a mile ; Atchison, Topeka & Santa Fe, $120 a mile ; and Wabash, $250 
a mile. 

A few roads have kept records which show definitely the savings they 
have been able to effect by diverting the traflBc and giving rail gangs the 
unrestricted use of the tracks. The Chesapeake S: Ohio, which follows the 
practice of cost accounting for all classes of maintenance work, reports 
saving as high as $190 a mile. The Erie reports that under varying condi- 
tions of traffic the saving on one division amounted to three cents to fc<ur 
cents a linear foot of rail laid, equivalent to $320 to $420 per miles of track. 
Another division on this road reported savings as high as 60 per cent, 
while two other divisions made savings of $165 and $125 a daj', respectively, 
equivalent to four hours and three hours for the respective gangs. 

The Union Pacific adopted the practice, in 1930, of diverting traffic to 
facilitate maintenance-of-way work. Early in the year this plan was given 
a trial in renewing the ties on a double-track bridge near Fort Steele, Wyo. 
It was estimated that $2,000, or $2 per linear foot of bridge, was saved in 
the cost of the work and that further economy resulted from not having a 
slow order in effect for an extended period. 

During June and July, 1930, this road laid 38 miles of rail on an import- 
ant double-track line diverting traffic for the benefit of the rail gang. The 
gang laid an average of 2298 ft. more rail per day than when working 
under traffic, and that the cost per mile for labor was reduced from $480 
to $272, a saving of $208. Of this amount, $162 was allocated to the elimina- 
tion of interruptions by reason of diverting the traffic. In addition, $38 a 
mile was saved in the cost of distributing the new rail, while there was a 
further saving of $20 a mile in material costs by reason of not cutting rail 
for closure to permit the passage of trains. The total direct expense to the 
transportation department was $577.33 for switch tenders during the progress 
of the work. The saving was, therefore, $200 a mile for labor and $20 for 
material, or $220, which amounted to $8,360 for the 38 miles involved. 
Deducting the cost of the switch tenders, the net saving was $7,782.67. 

The total number of train movements between the hours of 8 a.m. and 
5 p.m. during the progress of the work was 642. The aggregate delay to 
freight trains was 64 hr. 25 min., and to passenger trains 17 hr. 40 min., 
an average for all trains of approximately 8 min. each. This compares with 
an estimated total delay of 35 hr. for freight trains and none for passenger 
trains if the traffic had not been diverted. 

Commensurate savings are estimated or reported in ballasting and track 
surfacing. As in rail laying, the amount will vary according to the density 
of the traffic, the size of the gangs and the character of the tool equipmetit 
which is furnished to them. Accordingly, the estimates of the savings that 
can be made range from 15 per cent on light traffic lines to 60 per cent 
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where the traffic is heavy; and from $50 to $1500 a mile. The Erie reports 
savings on different divisions ranging from $105 to $160 a mile. 

The Chicago, Milwaukee, St. Paul & Pacific was able to compare the 
cost of ballasting on a single-track line having an average of 15 to 17 trains, 
with a maximum of 25 a daj% during the working hours, with the same work 
where the traffic was diverted on a double-track line. In both cases, the 
work was done by the same gang; the same foreman and supervisory officers 
were in charge; and the tool equipment w'as the same. In the latter case, 
however, about 100 more ties were renewed per mile than in the single track. 
Under these conditions a saving of $576 a mile resulted where the gangs 
were given the unrestricted use of the track. 

Summary 

The investigation made by the Sub-Committee and the reports of main- 
tenance officers from widely .separated sections of the country indicate that 
marked savings can be effected by diverting traffic on multiple track lines 
to give the maintenance forces unrestricted use of the track. The provisions 
necessary for this diversion are simple and so flexible that they can be 
adapted for practically every condition of grade, alinement, character of 
traffic and method of operation. Experience has shown that the interference 
with train movement, except in special cases, is little, if any, greater than 
when the work is carried out under traffic. 

In general, operating officers are somewhat skeptical in their attitude 
until they have given the plan a trial, after which they are usually willing 
to co-operate with the maintenance department to the fullest extent. The 
time required to complete a given project is shorter, thus reducing the period 
of interference with train movements, while larger or consolidated gangs can 
be employed, with the result that slow orders are eliminated or decreased 
and the obstructions to traffic are concentrated at a single point. 

Conclusions 

As a result of its study, the Committee offers the following conclu- 
sions : 

1. Under all but the most intensive traffic the practice of diverting 
traffic on multiple track lines to facilitate the work of the maintenance forces 
is feasible and when employed results in definite savings in the cost of 
doing the work, as well as in net savings to the railway. 

2. In addition to the economies effected, there are added benefits in 
larger production, better work and greater safety to the workmen. 

3. The provisions necessary for diverting the traffic are comparatively 
simple and can be varied to meet physical conditions or conform to operat- 
ing methods. 

4. There is little, if any, added interference with train movements 
while the work is actually under way and operating conditions as a whole 
are improved, as compared with doing the work under traffic by reason of the 
reduction in the time required for its completion. 

Recommendations 

The Committee recommends this report be received as information, 
the conclusion.s be adopted for printing in the Manual, and the subject 
closed. 
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Appendix C 

(6) PRACTICAL METHODS OF STABILIZING 
MAINTENANCE-OF-WAY FORCES 

Lem Adams, Chairman, Sub-Committee; H. A. Cassil, D. M. Rankin, W. G. 
Morgan, Cale Wamsley, E. E. Christoph, A. E. Botts, F. B. Doolittle, 
E. T. Howson, C. H. Paris, T. S. Bond, John Evans. 

This subject, in some form, has been assigned to this Committee for 
many years. 

The first report was completed in 1925, under the caption “Method of 
Programming Maintenance-of-\Va> Work, Looking to the Most Eco- 
nomical Application of Labor.” 

The study of this subject developed the following conclusions : 

(1) The preparation of a budget of the work to be done during 
the year and the authorization of this budget for the year, if possible, 
or quarterly at least, sufficiently in advance of the inauguration of 
the work to enable materials and men to be collected in an orderly 
manner. 

(2) The equalization of expenditures on roads where it is 
practical in accordance with the plan authorized by the Interstate 
Commerce Commission to eliminate the wide fluctuations in expendi- 
tures from month to moni. 

(3) The preparation of a detailed program in which the work 
authorized is scheduled so that it may be done at the most economical 
season consistent with most eflScient utilization of forces. 

(4) The carrying of this program down to the local divisions 
and to the individual gangs on those divisions in order to enable the 
work of these men to be directed to the best advantage. 

Again, in 1926, we had assigned “The Extent to Which It Is Practicable 
to Stabilize Employment in the 3iIaintenance-of-Way Department, in the 
Interest of Efficiency, and the Necessary Measures.” 

The study of the Sub-Committee extended over two years, and the 
following conclusions evolved: 

(1) The equalization of expenses permits work to be done at 
the most economical time, seasonal and traffic conditions considered. 

It also prevents the distortion of operating ratios, while by its 
application more uniform forces may be employed in maintenance- 
of-way work, thereby tending toward stabilization of forces. 

(2) In consideration of the ultimate economy of building a 

strong personnel of labor forces and the immediate economy of hold- 
ing experienced men in maintenance-of-w_ay service, as much work 
as is economically possible should be done in the winter, thus stabiliz- 
ing forces. , , j 

(3) Minimum cost is secured through uniform production; 
reductions in manufacturing costs are directly reflected in prices 
charged the railway; stabilization of forces with the resulting 
increase in the uniformity of use of materials will lead to savings in 
the cost of materials over and above the savings effected directly 
through the increased efficiency of the forces. 

A resume of the Committee, in the 1928 Proceedings, summed up this 
subject as follows: 

“Your Committee in its four-year study of this subject, feels 
tltal it has covered the ground very thoroughly, and the more we 
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have studied this matter of stabilizing employment, the more we are 
able to realize the economies, direct and indirect, that are to be 
obtained by having a trained force to perform our maintenance- 
of-way work, the same as we have for the maintenance of equiprnent. 

We do not find that the average railway officer appreciates 
the fact that maintenance-of-way work requires trained men. There- 
fore, it should be to the interest of all concerned in maintenance- 
of-way work to sell this idea, with the end in view of ultimately 
obtaining a year-around experienced maintenance-of-way force.” 

We now have before us the matter of the practical application of stabil- 
ization. It is difficult to see how w'e are to retain a fairly stable force when 
we do not follow the “Equalization of Expenses” plan, and are faced with 
current reductions in our expenses to meet the fluctuations in earnings. The 
year we have just passed through has been a very trying one from this 
standpoint, so we readily appreciate the difficulty experienced in keeping a 
normal force. 

Your Committee finds no justification for keeping the same number of 
men on a track section the entire year in territory where climatic conditions 
vary widely, but feels that a minimum number of men should be established 
for each section, based upon equated mile values, and this limit adhered to. 
This will provide continuous employment for a considerable proportion of the 
force, and train recruits for the permanent jobs. 

As to bridge and building forces — the most practicable method seems to 
be that of a basic force assigned to a definite territory, this force to look 
after all general maintenance of bridges and buildings. Then when extraor- 
dinary w^ork is needed or new buildings are to be constructed, a floating 
force will be added to take care of it, and the foremen recruited from the 
permanent organization. Plumbing and water service gangs should also be 
handled upon a similar basis. 

The regular forces should work under a definite plan for making repairs ; 
that is, certain items should be gone over at stipulated times. This will 
applj^ particularly to painting and cleaning of structures, where a definite 
time limit should exist between paintings. Differing conditions will require 
constant vigilance on the part of supervising officers to know tliat forces are 
properly apportioned, as such items as heavy rail, with new ballast, greatly 
reduce section work, tending to stabilize forces. 

Conclusions 

(1) The stabilization of forces is essential to maximum economies. 

(2) The practical method of stabilizing maintenance-of-way forces is 
by the establishment of a basic force that can be economically employed 
during slack period, and by adding to this a temporary force as required, with 
provision for a definite date of termination for all such positions. This will 
provide a fairly uniform permanent force, and train recruits to fill jobs as 
vacated. 


Hecommendations 


The Committee recommends that this report be accepted as information, 
the conclusions adopted for printing in the Manual, and the subject closed. 
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To the American Railway Engineering Association: 

The Special Committee on Stresses in Track, co-operating with a similar 
committee of the American Society of Civil Engineers and with the Amer- 
ican Railway Association, presents the following report of progress: 

During 1930 the experimental work of the Committee has been given 
principally to the continuation of the investigation of the rail- joint. As 
preliminary to measurement of stresses in joint bars and joint bolts under 
train loads at various speeds, special extensometer bolts were designed and 
built and co-operation was given the Westinghouse Electric Sl ^Manufacturing 
Company in the development of a magnetic strain gage suited for use on 
joint bars and extensometer bolts and applicable in tests of rail-joint at all 
speeds — apparatus which has since proved satisfactory in the field tests. 
Magnetic strain gages for use in measuring stresses in rail have also been 
developed by the Westinghouse Company. In the use of these instruments, 
records are produced on photographic films through the agency of the oscil- 
lograph, w’hich is placed in a shelter at some convenient point on the railroad 
right-of-way. In September and October, 1930, the staff of the Com- 
mittee participated in tests of track made at Clajunont, Delaware, on the 
Pennsylvania Railroad, co-operating wuth the Pennsylvania Railroad and 
the Westinghouse Electric & Manufacturing Company. In these tests, 
measurements of stresses in rail and rail-joints under the load of moving 
electric and steam locomotives and cars were made at speeds up to quite 
high rates. The data on rail- joints have been turned over to the Commit- 
tee for reduction and analysis. Work has been started on studying the 
oscillograph record films obtained with the Westinghouse magnetic strain 
gage. The rail-joints tested included joint bars of different types. Stresses 
were measured along the tops and bottoms of both inner and outer bars and 
any changes in bolt tension as the load passed the joint were also measured. 
The records appear to be definite and satisfactory. As there are a large 
number of films, the time required for the work of reduction and analysis 
will be considerable. The Westinghouse engineers are engaged in studying 
similar records for rail stresses, both on the base of rail and on its web. 

Plans had been made to conduct other tests on two or more railroads 
during the season of 1930, but it was not found practicable to do this. 
Tests on track are now planned for 1931. 

BtallctiTi 330, October* 1930, 
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Considerable \\ork hat. been carried out in laboratory tests on several 
t\’pes of rail- joint to determine several features in the action of the joints, 
including the influence of the position of the load as it moves along, the 
deflection and stiffness of joints, and the relative lateral and vertical move- 
ments between bar and rail. It is planned to go further in these laboratory 
tests. 

The study of the experimental data has not progressed far enough to 
permit a detailed report to be made. 

Respectfulh* submitted, 

The Special Committee on 
Stresses in Railroad Track, 

A. N. Talbot, Chairman. 
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To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the 
following subjects : 

(1) Revision of Manual (Appendix A). 

(2) Coach Yards (Appendix B). 

(3) Effect of motor coach service on design and operation of way and 
terminal station facilities. The Committee has collected information and 
reports progress on this assignment. 

(4) Provision for parking and garage facilities for private automobiles 
of railway passengers at passenger terminals and way stations (Appendix C). 

(5) Effect of motor truck service on the design and operation of way 
and terminal freight station facilities. Your Committee rejyorts progress. 

(6) Hump yards (Appendix D). 

(7) Co-ordination of facilities at rail and water terminals. Your 
Committee has collected information and reports progress. 

(8) Design of airports in connection with railway yards. Owing to 
the enforced resignation of the Chairman, your Committee can only report 
progress. 

(9) Scales used in railroad service (Appendix E). 

(10) Bibliography on subjects pertaining to yards and terminals ap- 
pearing in current periodicals (Appendix F). 

(11) Furnish the Special Committee on Clearances the information re- 
quired by it pertaining to yards and terminals. A designated member of 
your Committee has collaborated as requested. 

Bulletin 331, November, 1930. 
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Action Recommended 

(1) That the deletion recommended in Appendix A be approved. 

(2) That the report on Coach Yards (Appendix B) be received as 
information and the subject discontinued for the time being. 

(4) That the report on provision for parking and garage facilities 
for private automobiles, etc., be received as information. 

(6) That the report on Hump Yards (Appendix D) be received as 
information. 

(9) That the report on Scales used in railroad service (Appendix E) 
be received as information. 

(10) That the Bibliograph 3 ' (Appendix F) be received as information. 

Respectfully submitted, 

Committee ok Yards and Terminals, 

H. L. Ripley, Chairman. 


Appendix A 

(1) REVISION OF MANUAL 

H. L Ripley, Chairman, Sub- Committee ; J. E. Armstrong, H. M. Bassett, 
E. J. Beugler, H. E. Burch, E. H. Fritch, R. J. Hammond, M. J. J. 
Harrison, L. L. Lyford, A. Montzheimer, H. J. Pfeifer, C. U. Smith, 
E. E. R. Tratman, J. L. Wilkes. 

Delete from the Manual the section under the heading “V” — General 
Specifications for Master Scales, pages 1031-2, for reasons explained in the 
report of Sub- Committee 9. 

The Committee proposes to clarify and rewrite these specifications dur- 
ing the coming 3 'ear as they are now unsatisfactory and may be misleading. 


Appendix B 
(2) COACH YARDS 

H. J. Pfeifer, Chairman, Sub- Committee ; J. E. Armstrong, J. R. W. 

Ambrose, Irving Anderson, H. M. Bassett, E. J. Beugler, C. F. Black- 
man, H. F. Burch, W. F. Cummings, E. H. Fritch, W. H. Giles, F. W. 

Grace, R. J. Hammond, G. F. Hand, J. V. Hanna, E. M. Hastings, C. H. 

Mother, T. R. Ratcliff, H. L. Ripley, W. B. Rudd, C. U. Smith, E. E. R. 

Tratman, A. P. Wenzell. 

The work of \'our Sub- Committee for the current year has consisted, for 
the most part, of collaboration with the Joint Committee on Railway Sanita- 
tion. This latter committee is composed of representatives of the U.S. Public 
Health Service and of the American Railway Association. 

The particular matter referred to your Committee has to do with coach 
yards and coach yard facilities, and your Committee has responded with 
helpful comi^ts and suggestions in connection with a forthcoming Manual 
which the Joint Committee expects to issue, presumably through the A.R.A., 
when it has been perfected. 
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Appendix C 

(4) PROVISIONS FOR PARKING AND GARAGE FACILITIES 
FOR PRIVATE AUTOMOBILES OF RAILWAY PASSENG- 
ERS AT PASSENGER TERMINALS AND WAY STATIONS 

E. J. Beugler, Chairman, S ub- Committee : H. L. Ripley, J. R. \V. Ambrose, 
Irving Anderson, H. M. Bassett, C. H. Blackman, W. A. Christian, 
E. H. Fritch, O. H. Gersbach, R. J. Hammond, T. H. Greene, John V 
Hanna, E. M. Hastings, E. T. Johnston, C. P. McCatisland, C. H. 
Mottier, A. E. Owen, T. R. Ratcliff, H. M. Roeser, A. P. Wenzell. 

The preliminary work of this Sub-Committee last year indicated that 
the matter was in a trial or transitory stage and that few companies had 
adopted any definite policy. Replies received from inquiries sent out this 
year to representative railroads showed general practice as follows : 

(1) Way stations in suburban towns near large cities: 

(a) Where ample ground is available, patrons are per- 
mitted to park passenger cars during the day without 
charge and without any responsibility* on the part of 
the railroad company; 

(b) Where ground space is limited, a charge is made to 
balance demand. Usually the concession is granted to 
a contractor for a consideration and under certain 
restrictions. 

(2) Terminals or stations in large cities: 

(a) With limited ground area and a large number of com- 
muters it is seldom practicable to make any provisions 
on the terminal grounds for parking. Private concerns 
generally provide parking nearby in connection w*ith 
service stations. 

(b) Where the number of commuters is negligible, ade- 
quate parking for cars of railroad patrons is sometimes 
available on ground at or near the terminal, for in- 
stance, Kansas City. 

(3) Other stations both small and large where passenger travel 
is relatively small. Here the use of company ground not 
otherwise occupied is generally free for patrons parking. 

While the replies were more definite and showed increasing interest in 
the subject, still very few roads have a fixed policy. The matter is under 
observation and it is too early to determine the effects on railroad business. 
Several companies report their parking facilities as mutually satisfactoiy% 
and some state that special provisions are being made at new or recon- 
structed stations. 

When the need has been demonstrated for provision of parking facilities 
at way stations and terminals, with satisfaction to the railroad patrons 
and directly or otherwise beneficial to the railways’ operations, this Com- 
mittee can take up the matter of passenger station yard design as affecting 
requirements with respect to space, location, approaches, grades, and other 
elements of design, and such studies are recommended for future work 
This report is submitted as information only. 


A 
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Appendix I> 

(6) HUMP YARDS 

R. J. Hammond, Chairman, Sub-Committee ; J. R. W, Ambrose, Irving 

Anderson, C. E. Armstrong, J. E. Armstrong, N. C. L. Brown, H. F. 

Burch, W. F. Cummings, O. H. Gersbach, W. H. Giles, F. W. Grace, 

G. F. Hand, M. J, J, Harrison, E. M. Hastings, C. T. Jackson, E. T. 

Johnston, E. K. Lawrence, L. L. Lyford, C. P. McCausland, A. Montz- 

heimer, A. E. Owen, T. R. Ratcliff, H. L. Ripley, H. M. Roeser, 

W. B. Rudd, W. C. Sadler, C U. Smith, A. P. Wenzell, J. L. Wilkes- 

To meet traffic requirements a yard should be able in peak periods to 
receive trains promptly upon arrival, perform any auxiliary service (such 
as icing, feeding and watering stock, etc.), switch the cars into their proper 
classifications without appreciable delay in the receiving 3 'ard, and dispatch 
these cars in their proper position in tlie designated outgoing trains in a 
minimum of time. 

When the volume of traffic or other conditions justify a hump yard 
to meet these requirements (see Vol. 30, page 762) the yard layout should 
proHde for a continuous movement of a draft of cars over the hump once 
it has been started, for the movement of the cars of the draft to their 
proper position on the different classification tracks without damaging 
impacts and for a minimum loss of time between humping successive drafts. 
Such a layout will result in the nearest possible approach to continuous 
humping. 

(1) Studies 

So large a proportion, of the factors affecting efficient operation are local 
that each terminal must be studied independently to provide the proper 
design. The design must include the track layout and gradients of all parts 
of the terminal affecting economical and efficient operation of the hump. 

(^) Track Layout 

The receiving tracks should be designed not only to permit trains 
promptly to enter the j-ard but also to release road locomotives with minimum 
interference with hump operations. 

The track arrangement between the hump and receiving tracks should 
provide for moving cars to a point close to the “crest” while other cars are 
being humped and permit the quick return of the humping engine to the 
receiving tracks. 

The hump leads should be designed to direct the cars quickly into diverg- 
ing routes with a minimum distance between the crest and furthest clear- 
ance point 

^ During the past few years there has been a decided trend toward designs 
which divide the classification tracks into groups of from two to eight tracks, 
each group served by a sub, or group lead. (See Vol. 31, page 781.) The 
use of lapped switches and short turnouts will assist in reducing the length 
of leads. 

When the classifications tracks are used as departure tracks also, addi- 
tional classification tracks should be provided to prevent interference with 
hump operations while a track is occupied by a train. Sufficient lead tracks 
should be provided at the outgoing end so that any doubling may be done 
without fouling the hump lead. 
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If separate departure tracks are provided the\ should be arranged so 
that “pull-down” engines may be operated without interfering with hump 
operations. 

Caboose tracks should be so located, if possible, that cabooses may be 
dropped into them without the use of the hump engine, and where they will 
be readily available in making up outbound trains. 

Ice house, stock pens, l.c.l. transfer, etc., should be so located that cars 
may be placed with minimum delay after arrival at the terminal and be 
readily accessible for switching or placement in outbound trains. 

(3) Track Gradients 

With the “rider” hump the prime requisite is a layout with gradients 
which will carry the cars into the classification tracks to couple and allow 
the return of the riders in a minimum of time, ^fotor cars are frequently 
used to reduce the time required for riders to return to the hump. 

This has usually resulted in a la 5 *out with straight ladders each serving a 
varying number of tracks, with a steep incline to give high initial accelera- 
tion, the gradients below the hump being such as will maintain the speed to 
the coupling point. As riders were available to control the cars or cuts at 
all times little or no attention was given to individual car resistances. 

However, the advent of car retarders, in lieu of riders, to control tlie 
speed of cars has made imperative the determination of proper gradients 
if a high classifying capacity is to be obtained and cars switched without 
excessive impacts. 

To determine the proper gradients to be used under various conditions 
information as to individual car resistances is necessarj*. Your Committee 
has collected and studied a large number of such individual car resistance 
tests, and with the co-operation of the signal companies is making further 
investigations. While it is as yet unable to make final recommendations 
and specify the gradients to be used under all the various conditions from 
such data as are available, a method of determining gradients has been devel- 
oped and is presented as information. 

In determining the proper gradients, there are two basic conditions to 
be met : 

(1) The heavT easy rolling car under the most favorable run- 
ning conditions (hot weather, following wind, etc.) 

(2) The light hard rolling car under the least favorable running 
conditions (cold weather, adverse winds, etc.). 

Sufficient difference in elevation, or drop, must be provided from the 
crest of the hump to the clearance point of any classification track, so that 
the hard rolling car under adverse conditions will roll into clear on its 
classification track. 

It is fundamental, however, that cars do not accelerate unduly after 
leaving the last retarder, if damaging impacts are to be avoided, thus the 
gradients that should be provided below the last retarder must be such as 
will result in very little, if any, acceleration of the easy rolling car under 
favorable conditions. 

Thus the drop from the crest of the hump to the end of the last retarder 
should be “A” minus “B.” 

“A” — is the amount of drop required between the crest of the 
hump and clearance to insure the hard rolling car under 
adverse conditions not stopping short of clearance. 

*‘B” — ^is the drop required from the end of the last retarder to 
clearance to insure that the easy rolling car under favor- 
able conditions does not unduly accelerate. 
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The drop between the crest of the hump and the last retarder should 
be apportioned so that: 

The hump gradients will quickly separate the cars or cuts at the 
crest to provide the spacing necessary for the free throwing of 
s\\ntches. 

The gradients through the last retarder are sufficient to start an 
average rolling car which has been stopped in the last retarder. 

As far as the gradients of the classification tracks themselves are con- 
cerned, your Committee believes that the gradients should be such that 
(exclusive of occasional exceptional cars) the maximum loaded car under 
favorable conditions should not accelerate. 

At the departure end of the classification tracks a slight up-grade is 
desirable to decelerate cars, but should not be sufficient to cause cars to 
roll back. 

After careful analysis of the various tests collected, your Committee 
suggests certain values to use in applying the principles enunciated above, but 
wishes to point out strongly that these values must be modified to meet local 
conditions, such as only empty or loaded cars, strong prevailing winds, 
extreme temperatures — ^but should, in the light of information and experience 
to date, be found desirable to be used with mixed traffic under average 
conditions. 

Car Resistance on Tangent Track 

From crest to end of last retarder (including switch resistance) 

28 lb. per ton for hard rolling cars under adverse conditions, and 
6 Ib. per ton for easy rolling cars under favorable conditions. 

From end of last retarder to clearance — 18 lb. per ton for hard 
rolling cars rinder adverse conditions and 4.4 lb. per ton for free roll- 
ing cars under favorable conditions. 

On classification tracks — 4.4 lb. per ton for easy rolling cars of 
70 tons gross weight and over-— 5 lb. per ton for easy rolling cars 
of less than 70 tons gross weight and 6 lb. to 8 lb. per ton for 
empties. 

Curve Resistance Compensation 

For hard rolling cars under adverse conditions .045 ft. drop per degree 
of central angle. 

For easy rolling cars under favorable conditions .025 ft. drop per degree 
of central angle. 

Gradients Through Last Retarder 

0.8 per cent to 1.2 per cent, depending on the class of traffic. 

(4) Scales 

The location of scales on the hump will increase the distance between 
the crest of the hump and the clearance point of the classification tracks. 

(5) Hump Facilities 

The hump master’s cabin, hump signal control, and other communica- 
tion facilities should be located at the crest of the hump and on the right 
hand side. 

Cars should be uncoupled on this side so that forward knuckle will be 
open, as any jar will generally close the rear knuckle. 
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(6) Retarder Towers 

Towers should be located so tliat operators will have a clear view at 
all times of the cars they are controlling. 

The control of switches and retarders should be distributed among the 
towers so that the work will be evenly apportioned among the operators. 
In allocating the work it should be remembered that the first tower controls 
all cars. 

(7) Communication Facilities 

Loud speaker telephone circuits between the hump and each retarder 
tower are essential. 

Pneumatic tubes between the general yard office and strategic points will 
reduce time required in handling w’^aybills, inspection lists, etc. 

Telet3’pe machines or pneumatic tubes betw’een the yard office, the 
hump cabin and retarder towers, will permit handling switch lists promptly. 

(8) Yard Lighting 

Adequate yard lighting is always desirable, but is particularly necessary 
for the safe operation of a hump 3 ard. 

The lighting should be such that riders or retarder operatfirs can at all 
times see the tracks on which cars are moving and the location of other cars 
on the classification track to which a car is being switched. 

With retarder operation it is essential that the \isibility be particularly 
good in the retarder zone. 

Supplementary lights if necessary should be provided so that retarder 
operators may check car numbers and initials of cars passing their tower. 

(9) Hot Oil System 

During cold weather the application of hot oil to the car wheel journals 
will decrease the journal box resistances. The oil should be heated to a 
temperature of from 180 degrees to 190 degrees Fahr. and applied under 
pressure. 

Drip boxes wdth hose connections should be located on each side of 
the hump track two or three car lengths in advance to the crest for this 
purpose. 

(10) Flange Oilers 

The use of flange oilers has a marked effect on car resistance, botli in 
lowering the total resistance encountered and in decreasing the spread 
between resistances in the action of individual cars. Moreover, it introduces 
a valuable element of flexibility available to overcome in part the higher 
resistance encountered in winter weather. 

(11) Summary 

The group track arrangement with gradients as suggested will give a 
compact layout and provide for an economical car retarder installation. 

It may, however, be operated as a rider yard, permitting the riders to 
leave the cars, after bringing them to safe coupling speed, at the clear- 
ance point, requiring only a minimum time per rider per cut. 
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Appendix E 
(9) SCALES 

M. J. J. Harrison, Chairman, Sub-Committee ; J, E. Armstrong, A. Bousheld, 

A. W. Epright, E. D. Gordon, G. F. Hand, E. M. Hastings, H. C). 

Hem, E. K. Lawrence, J. L. Miller, A. T. Powell, T. R. Ratcliff, H. L. 

Ripley, H. M. Roeser, M. H. Starr, W. M. Wilson. 

During the past year and under the assignment, “Scales Used in Railway 
Service.'* your Committee has given attention primarily to details intimately 
connected with the maintenance oi accuracy of railway track scales. These 
details are now covered on pages 1031 to 1034, inclusive, of the 1929 Manual 
under the headings, “V — General Specifications for Master Scales” and “VI 
— Test Weight Cars.” 

The general specifications for master scales have been reviewed critic- 
ally, as have the detailed performance records of existing master scales 
in the United States, a list of which was shown on page 405 of Volume 30 
of the Proceedings. Your Committee has concluded that the matter relating 
to master scales now in the Manual is unsatisfactory, in that compliance 
therewith will not necessarily produce a scale, the performance characteristics 
of which conform to the modern conception of being satisfactory. Your 
Committee therefore proposes the deletion of the section referred to, and, 
if this recommendation be approved, further proposes to prepare a satis fac- 
tory* specification and to present it at a later date. 

During the past year, the pertinent sections of “Section VI — ^Test Weight 
Cars” were used by another organization, the National Scale Men's Associa- 
tion, in the preparation of a set of detailed specifications for such facilities. 
The attention of your Committee was invited to the completed detailed 
specifications, and your Committee examined them critically. It was agreed 
that the new specifications did, in fact, conform to the fundamental require- 
ments set forth in our Alanual, and that they had much merit, and considera- 
tion was given to recommending their endorsement by this Association. After 
due deliberation, how^ever, it appeared that there were certain parts of the 
new specifications which should be passed on by the Mechanical Division of 
the American Railway Association. Therefore, before making any definite 
recommendation, steps were taken to secure the collaboration of that Divi- 
sion in this matter. Following conference with representatives of the 
Mechanical Division and other parties at interest, your Committee proposes 
to make appropriate recommendation. 

A much discussed subject in the design of scales has been the value of 
the safe load which may be applied per linear inch of knife-edge. During 
the past year individual members of your Committee have done considerable 
in the way of investigating this subject. At the time of the preparation of 
this report, however, none of this work has reached the point where even a 
progress report may be made by the Committee. The work will be con- 
tinued, however, and it is anticipated that a report of findings may bo 
made available in the near future. 

Conclusions 

That the portion of the Manual on pages 1031 and 1032, under the 
heading, “V — ^General Specifications for Master Scales,” be deleted, and 
that the balance of this report be received as information. 



Yards an d Terminals 


215 


Appendix F 

(10) BIBLIOGRAPHY OF RAILWAY STATIONS, YARDS, 
MARINE TERMINALS AND AIRPORTS 

Compiled by E. E. R. Tratmar.. 


(A) PASSENGER STATIONS AND TERMINALS 


1. Passenger Stations 


Boston — North Station; Boston & Maine R. R. — Railway Age, 1930, Augusi 
30, page 466. 

Boston — Suburban Station; New York, New Haven & Hartford R. R. — 
Railway Age, 1929, November 30, page 1273- 
Buffalo — New Station; New York Central R. R. — EWorld Ports, April, 
1930. 


Chicago — Air Rights at Terminals — Chicago Commerce, 1929, July 6. 
page 7. 

Cincinnati — Union Station Project — Engineering News-Record, 1930, Feb- 
ruary 6, p^e 257. 

Cleveland — ^Union Station — Engineering New’s-Record, 1930, February 6, 
page 257 ; July 17, page 99 ; September 4, p^e 363. RaiKvai^ Age, 1930, 
June 28 , page 1568. Proceedings of American Society’ of Civil Engi- 
neers (Cleveland meeting), 1930. 

Milan, Italy — New Station — Engineering News-Record, 1930, May 15, 
page 803. 

Montreal — Proposed Terminals, Canadian Northern Railway — Railway Age, 
1930, March 22, page 681^ August 30, page 460, 461. Canadian Railway 
& Marine Review, 1930, May, page 281 ; July, page 409 ; September, 
page 572- Engineering News-Record, 1930, September 25, page 510. 

Montreal — Operation of Terminal of Canadian Pacific Rail-way — Canadian 
Railway & Marine Review, 1930, August, page 493. 

New York — Grand Central Station; Po-wer and Heating Service — Railway 
Age, 1930, March 15, page 632. 

New York — Operation of Pennsylvania Railroad Station — Rail-way Age, 
1929, September 21, page 671. 

Omaha — ^Twin Union Stations for Union Pacific Ry. and Chicago, Burling- 
ton & Quincy R. R. — Engineering Ne-ws-Record, 1930, September 25, 


page 499. 

Philadelphia — New Passenger Terminal of Pennsylvania Railroad — ^Journal 
of Western Society of Engineers, 1929, page 599. Engineering News- 
Record, 1930, February 6, page 257. Railway Age, 1930, August 30, 
page 449. 

Philadelphia — Passenger Station ; Reading R. R. — Railway Age, 1929, 
November 23, page 1180. . ^ 

Quebec — Passenger Terminal; Canadian National Ry. — Canadian Raihvay 
& Marine Review, 1930, February, page 75. 

St. Louis — ^Union Station Enlargement — Engineering News-Record, 1930, 
April 17, page 652. Railway Age, 1930; April 26, page 954. 

St Louis — New connections and operating arrangements for tlie railway 
bridges— Engineering News-Record, 1929, October 24, page 649; 1930, 
August 7, page 314. Railway Age, 1930, August 30, page 433. 

Toronto — Passenger Terminal ; Union Station — Canadian Railway & Marine 
Review, 1930, February, page 89; April, page 197. t 

Toronto— Canadian Pacific Railway, Coach Yard— Rail w^ay Age, 1930. June 
21, page 1484. 
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2. Passe^tger Terminals (General) 

Coach Yard — Cleveland Union Station — Railway Age, 193U, June 28, nages 
1563, 1564. 

Coach Yards — Toronto, Canadian Pacific Ry. — Railway Age, 1930, June 21, 
page 1484. 

Coach Yards — Equipment — Proceedings, American Railway Association 
(Mechanical Division), 1930. 

Economics of Large Passenger Stations — Engineering News-Record, 1930, 
February 27, page 349; August 21, page 279. 

Facilities for Servicing Cars — Committee Report — Proceedings, American 
Railway Association (Mechanical Division), 1930. 

Joint Operation of Terminals — Proceedings of American Association of 
Railroad Superintendents, 1930, Railway Age, 1930, June 28, page 1593. 

Passenger Stations — Popular Article — Saturday Evening Post, 1930, April 
19, page 26. 

Suburban Traffic Problem — Engineering News-Record, 1930, April 17, 
page 637. 

Suburban Traffic in New York — Report of Suburban Transit Engineering 
Board (75 West Street, New York), 1930. 


(B) FREIGHT STATIONS AND TERMINALS 


3. Freight Terminals and Warehouses 

Canadian National R 3 '. — Improved operation — Railway Age, 1929, October 
19, page 903. 

Chesapeake & Ohio Ry. — Terminal and yard improvements — Engineering 
News-Record, 1930, January 30, page i87. 

Chicago & Northwestern Ry. — Freight terminal at Chicago. — Railway Age, 
1930, April 26, page 971. ♦ 

Delaware, Lackawanna & Western R. R. — Terminal and warehouse at Jersey 
City — Engineering New’S-Record, 1930, March 27, page 519. Railway 
Age, 1930, April 5, page 816, 

Los Angeles Junction Ry. — Sawtooth track laj'out at freight station. — 
Railway Age, 1930, Sept. 6, page 484. 

New York Central R. R. — Costs of New York terminals — Engineering 
News-Record, 1929, December 26, page 993. 

Pennsylvania R. R. — ^Freight warehouse at Philadelphia — ^Engineering News- 
Record, 1929, October 3, page 520. 

Reading R. R. — ^Freight terminal and warehouse at Philadelphia — ^Railwav 
^ Age, 1930, July 19, page 102 . 

Railway Express Terminals — Chicago; Chicago & Northwestern Ry. Rail- 
way Age, 1930, April 26, page 971. 

Railway Express Terminals — Toronto; Canadian Pacific Ry. — Canadian 
Railway & Marine Review, 1930, February and March, pages 77 and 135. 

Railway Express Terminals — ^Various — EWorld Ports, 1930, June. 

Railway Produce Terminal — ^Detroit; union station served by three railroads 
--Railway Age, 1929, December 28, page 1463. , 

Terminal Operation — Cincinnati freight terminals — ^Railway Age, 1930 
April 12, page 875. 

Termi^ ^d Port Charges — ^Decision of Interstate Commerce Commission 
— ^Eugineenng News-Record, 1929, November 21 and December 12 
pages 800 and 915. 

Trucking— Motor-truck service; New York Central R. R.— Railway Age, 
1929, October 26, i>age 1003. 


4. Freight Yards and Yard Facilities 

Altoona — Pennsylvania R. R.; yard operation — Railway Age, 1929 October 
_ 12 , page 852. 

Chicago— Chicago & Northwestern Ry.; hump grades at Proviso yard — 
Railway Age, 1930, August 2 , pages 224, 226. 
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Cincinnati — Baltimore Ohio R. R.; yard operation — ^Railway Age, 1929. 

September 7 and 14, pages 593 and 629. 

New York — New York Central R. R. ; west side yards — Engineering News- 
Record, 1930, February 6, page 257. 

Pitcairn — Pennsylvania R. R.; hump yard and car elevator — Railway Age, 
1930, June 28, page 1584. 

Sharonville — Cleveland, Cincinnati, Chicago & St. Louis R^ .; hump profile 
and retarder plan — ^Railway Age, 1929, December 14. page 1387. 

Air-pipe lines in yards — ^Railway Age, 1930, August 30, page 428. 

City or outside location — ^Railway Age, 1929, November 16, page 1130. 

Dispatching of yard locomotives by telephone — ^Engineering News-Record. 
1929, November 14, page 768. 

Draft gear test in yard operation — Railway Age, 1929, November 2, page 
1062. 

Drainage of large yards — Proceedings of Roadmasters and Maintenance-of- 
Way Association, 1930. Railway Engineering & !Maintenance, 1930, 
October. 

Floodlighting — ^Yard of Chicago & Northwestern Ry. — Railway Age, 1930, 
August 2, page 229. 

Hump Profiles — European practice — ^International Railway Congress Bul- 
letins; 1929, November, page 3059; 1930, January and May, pages 309 
and 1437. 

Increased capacity of yards — ^Rail-way Age, 1930, June 29, page 1593. 

Yards and sidings in relation to traffic — Engineering News-Record, 1930, 
May 8, pages 753, 754 and 775. 

Car control in gravity switching — International Railway Congress Bulletins; 
October, November and December, 1929; Januan^ and May, 1930. 

Car dumpers — New York Central R. R. ; Toledo, Ohio; with car retarders — 
Engineering News-Record, 1930, July 17, page 100. Railway Age, 1930. 
February 15, page 439. 

Car Retarders — ^At car dumper — ^Railway Age, 1930, February 15. page 439. 
Engineering News-Record, 1930, July 17, page 100. 

Car Retarders — Effects in yards — ^Railw-ay Age, 1930, June 28, pages 1551 
and 1584; August 2, page 227. ^ 

Car Retarders — Frolich hydraulic system on London &: Northeastern Ry. 
England — International Railway Congress Bulletin, 1929, October, page 
2388. ^ 

Car Retarders — Reduce cost of yard operation, Chesapeake & Ohio Ry. — 
Railway Age, 1930, September 13, page 577. 

Car Retarders — Specifications for apparatus — Proceedings, x\merican Rail- 
way Association (Signal Section), 1930, August. -r, -o 

Track Scales — ^High capacity; New York, New Haven & Hartford R. R. — 
Engineering News-Record, 1930, August 14, page 257. _ 

Track Scales — Maintenance methods — Proceedings, 1930, American Railway 
Bridge and Building Association. 

Track Scales — Master scale at Oearing yard ; Chicago Belt R. R. — Railway 
Age. 1929, September 14, page 637. 


(C) RAn.-AND-WATER TERMINALS 
5. Ports and Harbors 

Albany, N. Y.— World Ports, 1930, September, page 900. 

Baltimore, Md.— New pier and sheds of Western Ma^land R. Railway 
Purchases and Stores. 1930, September, page 475- World Ports. 1930. 

Bostonl^kass.— World Ports, 1930, September, page 1001. 

Camden, N. J.— World Ports, 1930, September, page ^8. 

Halif^, N. S.— World Ports, 1930, September, page 909. 

Houston, Texas.— World Ports, 1930, September, page 935 
Milwaukee. Wic — World Porte. 10.^0 Septeiuher. page 853 
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New York, N. Y. — Piers 1000 ft. long — Engineering News-I?.ecordj 1930, 
February 13, page 269. World Ports, 1930, September, pages 888 and 
893. 

Oakland, Calif. — EWorld Ports, 1930, September, page 939. 

Seattle, Wash. — World Ports, 1930, September, page 943. 

Wilmington, Del. — World Ports, 1930, September, page 903. 

6. Car Ferries and Marine Terminals 

Car Ferry — New Orleans and Havana — Engineering News-Record, 1929, 
October 10, pages 560, 588 and 666. 

Car Ferry System — Pere Marquette R. R. — Railway Age, 1929, October 26, 
page 952. 

Coal Dock — ^Algoma Central & Hudson Bay Ry. — Canadian Engineer, 1930, 
July 29, page 181. 

Grain Handling — At St. Lawrence Forts — ^\Vorld Ports, 1930, March. 

Mechanical equipment at water terminals — World Ports, 1930, July. 

Port and terminal charges — Report by U.S. War Department and U.S. Ship- 
ping Board, 1929. 

Port charges of railroads — Decision of Interstate Commerce Commission 
— ^Engineering News-Record, 1929; November 21 and December 12, 
pages 800 and 915. 

Public and private ownership of rail and water terminals — World Ports, 
October, 1930. 

Railway terminal facilities at large ports — International Railway Congress 
Bulletin, 1930, February. 

Railways and Ports — ^Relations between these at American and foreign 
ports ; track and yard layouts ; cargo cranes, etc. — International Railway 
Congress Bulletins; 1929, July and October, pages 1093 and 2557; 1930, 

^ February and May, pages 535 and 1427. 

Railways and Waterways — ^Article by L. A. Downs, President, Illinois 
Central R. R. — Engineering News-Record, 1930, February 27, page 355. 

(D) RAIL-AIR TRANSPORTATION AND AIRPORTS 
(Compiled mainly by Professor W. C Sadler) 

7. Author Index 

Atterbury, W. W., President, Pennsylvania R. R. — “Linking Rail and Air 
Transport/’ Transportation, Volume IV, No. 2, Februarv, 1929, The 
American Aviator; May, 1929, U.S. Air Services, January, 1929. 

Atterbury, W. W., President, Pennsylvania R. R.— “The Railroads Enter 
Aviation,” Saturday Evening Post; Volume 201, No. 39, March 30, 1929. 
Information Penna. R. R.; Volume 1, No. 2, July 1, 1929. 

Ballantine, N. D. — “Air and Rail Traffic Comparisons” — Airway Age: Vol- 
ume 9, No. 12, December, 1926. 

Burton, W. E. — "Air-Rail Station at Port Columbus” — ^Aviation, November 
2, 1929. 

Currie, C. W. Y, — “Coast to Coast and Back in Five Days” — New York 
Central Lines M^azine; Volume 10, No. 4, July, 1929. 

Den^ Marjorie— “Rail and Air Services Unite East and West”— Air Travel 
News; November, 1928. 

Ever^ C. E. — “Coast to Coast in Forty-eight Hours” — Transportation; 
Volume IV, No. 6, June, 1929. 

Farren, Joseph F.— “Will the Railroads Work with Aviation”— Air Travel 
News; April, 1928. 

Findly, Roger S.— “Grand Central Air Terminal”— U.S. Air Services; 
April, 1929, p. 79. 

King, l^wrence G,— “Pioneering the Air Rail Routes”— Nation’s Business; 
Volume 17, No. 2, February, 1929. 

T.ane, D. R. — “How the T.A,T Line was Organized” — Airwav Age* Vol- 
ume 10. No 7. Jtilv. 1Q2Q. 
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Lapham, Herbert — “Flying \ia T.A.T., Our First Flight” — Santa Fe Maga- 
zine; August, 1929. 

Lee, James H. — “Air Rail Coast-to- Coast Service*’ — Transportation: Vol- 
ume V, No. 1. 

McCullough, C. E., General Passenger Agent, Penna. R. R. — “The Rail- 
roads and Passenger Air Transport” — ^Air Travel Xev.’s : Aucrust, 1929, 
also Am. Soc. Mech. Engrs., 1929. 

Marm, Emmett V. — “How Shall We Travel” — New York Motor News; 
Volume 3, No, 26, February, 1929. 

Paradies, Walter F. — “How Foldrer Planes in Air Rail Service Fly” — New 
York Central Lines Magazine; Volume 10, No. 6, September,' 1929. 

Taylor, Rogers & Bliss, New York — ^“Airport Designs,’* Book, $3. 

Winkfield, N. W. — “Santa Fe Air-Rail Service; Coast to Coast Fortj’-eight 
Hours” — ^Transportation; Volume IV, No. 5, May. 1929. 

Woolley, James G. and Hill, Earl W. — “Comparison of Rail and Plane 
Fares” — ^Airplane Transportation; pages 236-238. 
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Committee. 


tDeceased. 


To the American Raihvay Engineering Association: 

Your Committee respectfully presents herewith report covering the 
following subjects: 

(1) Continue the study of economics of railway location as affected 
by tlie introduction of electric locomotives (Appendix A). 

(2) Study and report on the extent train resistance is increased when 
trains are operating on flexible rails as compared with same operation with 
stiff er rails (Appendix B). 

(3) Study and report on the proper size and character of field organ- 
izations for railway location and construction (Appendix C). 


Action Recommended 

(1) That Appendix A be received as information 

(2) That Appendix B be receiyed as information. 

(3) That Appendix C be approved for publication in the Manual 

Respectfully submitted, 

The Committee on Economics 
OF Railway Location, 

F. R. Lavng. Chairman . 


Bulletin 331. November. 1030. 
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Appendix A 

(1) ECONOMICS OF RAILWAY LOCATION AS AFFECTED 
BY THE INTRODUCTION OF ELECTRIC LOCOMOTIVES 

F. E. Wynne, Chairman, Sub- Committee ; S. E. Armstrong, H. H. Edger- 
ton, C P. Howard, E. E. Kimball, W. D. Wiggins, J. C W' renshall. 

Last year a method for choosing an electric locomotive for a specified 
service \vas presented and printed as Appendix B of Committee XVI’s 
report on pages 1233 to 1240 of the Proceedings for 1930. It also appears 
on pages 67 to 74 of the July, 1930, Supplement to Manual of 1929. 

To illustrate the use of this method, we are now stating a problem 
in electric locomotive selection together with a solution. 
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Fig. 1. — Condensed Profile. 


The Problem 

Given: 

The profile of a road to be electrified is shown in Fig. 1. The loaded 
movement is eastbound. The gross trailing train weight is SOOO tons, made 
up of 65 coal cars having an average loaded weight of 76.56 tons and one 
23.6-ton steel caboose. The speed on the maximum grade eastbound is to 
be 15 miles per hour. 

Westbound the train w^eighs 1500 tons and consists of 65 empties and 
one caboose. 

The maximum curve occurs on the maximum grade and *allowance for 
curve resistance is to be made on the basis of slow speed operation at all 


^See page 1260— (eO— f3^ of the 1929 Manual. 
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times. Starting on this combined grade and curve at an acceleration rate of 
0.1 mile per hour per second with a 30 per cent tcoefiScient of adhesion will 
be required. The 1.45 per cent maximum down grade eastbound is on a 
tangent. 

Train resistance of cars is to be taken in accordance with the formula 
on page 1258 of the 1929 Alanual. The resistance of locomotive weight on 
drivers is to be taken at 15 pounds per ton. 

A motor-generator type of locomotive with characteristics as showm 
in ’•'Fig. 2 is to be used. The locomotive efficiency wffien regenerating is to 



be the same as when motoring. Down-grade speeds are to be the same as 
up-gprade speeds for the same per cent tractive effort 

Required: 

(1) The total adhesive weight of locomotive to handle the 5000-ton 
train up the 12 miles of 1,99 per cent grade. 

(2) The adhesive weight required east of the top of the grade, assum- 
ing the train to be held by regeneration on down grades. 

♦Same as Fig. 4, page 1237, of the 1930 Proceedings, and Fig. 4. page 71. of 
fhe July, 1930, Supplement to Manual of 1929 

+See page 1264 of the 1929 Manual, 
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(3) Based on (1) and (2) select a type of locomotive unit and 
determine the number of units required east and west of the top' of the 
grade. 

(4) The continuous horsepower and tractive effort rating of the loco- 
motive unit. 

(5) The time required to run over the line. 

(6) The electrical energy' consumption for one eastbound trip, both 
gross and net. 

(7) Check the locomotive type, speed and capacity for westbound 
movement. 

The Solution 

(1) The maximum grade eastbound is 2.11 per cent and is partly on 
curves of 12 deg. The allowance for this curvature at 0.04 per cent per 
degree is 0.48 per cent. Hence the combined grade and curve is equivalent 
to a 2.59 per cent grade. From page 1233 of the 1930 Proceedings, for 
starting, 

_ (206: + 10Qfl4-i?T) (T-hJVc ) 

2000 ^8 — 20 C; — 100 a — J?i> 

IPi) = locomotive adhesive weight (tons) 

G = 2.59 per cent grade 
a = 0.1 m.p.h.p.s. acceleration 
= 3.8 lb. per ton, train resistance 
T = 5000 tons train weight 

JVc = 0.33 Wj> (from e^erience) idle locomotive weight 
j4s = 30 per cent coefficient of starting adhesion 
J?d = 15 lb. per ton, locomotive driver resistance. 

Substituting these values in the formula, 

jrjr _ [20 (2.59) -f 100 (0.1) + 3.8] [5000 -f- 0.33 Wxy] 

“ 2000 (0.30 ) —20 (2.59 ) —100 ( 0 . 1 ) — 15 


and 


lVx> = 654 tons for starting up grade. 


From page 1233 of the 1930 Proceedings, for running, there is no 
acceleration (a = 0) and 

IVv = (20g + J?t) .(r + >^ 0 ) , .^yhere 

2000/i» — 20G — JSd 

= 25 per cent coefficient of running adhesion *and the other 
S 3 miboIs are the same as before. 

Substituting, 

- [20 (2.59) 4- 3.8] [5000 + 0.33 JVr> ] 

2000 (0J25) —20 (2.59) — 15 

and 


IVx, = 670 tons for running up grade. This weight of 670 tons on 
drivers is required since it is larger than the starting 
weight required; that is, in order not to exceed 25 per 
cent adhesion in running, the starting adhesion will be 
something less than the limit of 30 per cent 

•See pase 1264 of 1020 Manvial 
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The locomotive weight on non-driving axles, 

Wa = 0.33 Wd = 0.33 (670) = 221 1 tons ; 

Say 220 tons for round numbers. 

Then total locomotive weight for tliis service is 670 4“ 220 = S90 tons. 

(2) The maximum down grade eastboimd is 1.45 per cent on a tangent. 
On down grades wLere the train is held by regeneration, the same formula 
for adhesive weight of locomotive under running conditions applies, remem- 
bering that the train and locomotive resistance values are negative since they 
act in opposition to the grade resistance. 

(20g + j?T) (T-\-Wc) 

2000^r — 20G — 

G = 1,45 per cent grade 
Rt = — 3.8 lb. per ton, train resistance. 

Rn == — 15 lb. per ton, locomotive driver resistance. 

Substituting, 

[20 (1.45) + (—3.8)3 [5000 4-0 33 
— 2000 (0.25) —20 (1.45) — (— 15) 


and 

Wt> = 264 tons for running down grade. 

Similarly on Section 7 eastbound, where the maximum grade is on a tangent, 
= 229 tons for starting up grade, 

and 

Wii =■ 169 tons for running up grade. 

The adhesive weight of 264 tons is required for regeneration eastbound 
after passing the summit, although less -would be sufficient for ascending the 
grade of section 7. 

(3) The maximum adhesive weight required eastbound from the sum- 

mit is 264 tons, while eastbound on section 2 it is necessar 3 " to have 670 
tons on the locomotive drivers. These weights are practically in the ratio 
of 2 to 5, which indicates that a 2-unit road engine, with a 3-unit pusher 
from the western terminal to the summit, will fit the service requirements 
eastbound. Each unit will have 670 -=-5 = 134 tons adhesive weight and 
220 5 = 44 tons non-adhesive weight or a total vreight of 178 tons. In 

a final design it is probable that this size and t>^pe of locomotive would be 
built most economically with the 2 — 8 — 2 wheel arrangement, having 67,000 
pounds per driving axle and 44,000 pounds on each truck. 

(4) For capacity the most severe demand occurs in ascending the 12 
miles of 1.99 per cent grade of Section 2. Here the tractive effort required 
is rj5:.= [20 (1.99) + 15] 670 + [20 (1.99) -f 3.8] [5000 + 220]. 

T.E. = 264,300 pounds. 

At 15 miles per hour on this grade 
T.E. X M.P.H, 
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Substituting : 

264,300X15 

HP=^ 375 ~ 10 , 0/2 horsepower. 

As this 12 mile ascent at 15 miles per hour requires less than one hour 
the continuous rating may be exceeded.* However, the starting tractive 



Fig. 3 — Alternating Current Motor Generator Locomoti\"e. Continuous 
Rating, 2120 H.P. 


effort should be not more than 50 per cent greater than the continuous trac- 
tive effort. For starting on the maximum combined grade and curve, 


r.E. = [20 (2.59) -f 100 (0.1) + 15] 670 -f [20 (2.59) + 
IDO (0.1 ) -f 3.8] [5000 + 220] 


T.E. = 393,900 pounds. 


This is 150 per cent of 262,600 pounds, which is less than the 264,300 
pounds running tractive effort and the smaller value of tractive effort is suit- 
able as the continuous rating of the locomotive. The running T.E. of 264,300 

Proceedings, and page 68. (7) of the July, 

IP30, Supplement to Manual of 1929. 
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pounds is 100.7 per cent of this continuous T E. of 262,600 pounds. From Fig. 
2, the corresponding speed is 99 per cent of the rated speed. The speed on 
the grade was specified as 15 m.p.h. ; hence, the rated speed is 
15 -r- 0.99 = 15.15 m.p.h, and the continuous rated capacity of the locomotive is : 


262,600 X 15.15 


= 10,615 horsepower. 


For round figures, we may use 10,600 horsepower, 262,200 pounds 
tractive effort at 15.15 miles per hour. This being in five units (2-unit road 
engine and 3-unit pusher), each unit rates 2120 horsepower continuously. 
From Fig. 2,t we can now construct Fig. 3 for this 2120 h.p. locomotive unit. 

(5) To determine the time to make the eastbound run, it is necessary 
for each section to calculate the total tractive effort and read the correspond- 
ing speed from Fig. 3. From the length of each section and the speed on it, 
the running time on that section is found. It is convenient to tabulate 
these results as shown in the first eight columns of Table I. The total run- 
ning time. Column VIII, is 6 hr. 1 min. 

Additional time is required for stops and starts as determined by aver- 
age conditions on the road. Assume 20 minutes preliminary time at the 
western terminal for the enginemen to start locomotive auxiliaries, couple 
to train and pump up air. Assume one stop of 30 minutes at the summit 
to cut off the pusher and meet a westbound freight, one stop of 10 minutes 
at the west end of section 6 to meet a westbound freight and one. stop of 
20 minutes at the west end of section 7 to permit an eastbound passenger 
train to pass. 

The additional time for all starts may be taken as, 

5 minutes leaving the west terminal, 

4 minutes leaving the summit, 

6 minutes entering section 6, and 
4 minutes entering section 7. 


Total 19 minutes additional for starts. 

For drifting and braking before stops, the additional time may be 
taken as, 

2 minutes at the summit, 

3 minutes leaving section 5, 

2 minutes leaving section 6, and^ 

4 minutes entering eastern terminal. 

Total 11 minutes additional drifting and braking time. 

The total elapsed time between terminals then becomes — 

6 hr. 1 min. -f- (20 + 30 + 10 + 20 + 19 + 11) min. or 7 hrs, 51 min. 


(6) For section 1 the following* calculations give the electrical input 
to the locomotive, 


o = 


{T.E. X M.P.H.) T 
375 


= horsepower-hours output. 


where T.E. = 163,000 pounds tractive effort. 

M'.P.H. = 24.15 miles per hour speed. 

T= 0.108 hour time. 

t See page 1235, (10) of the 1930 Proceedings, and page 69, (10) of the July, 

1930, Supplement to Manual of 1929. _ j rro t 

^Sce page 1238, (14) of the 1930 Proceedings, and page 72, (14) of the July, 

1930, Supplement to Manual of 1929. 
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Substituting, 

^^ (163,000) (g^5)„(Q Jl08 ) ^ horsepower-hours. 

From Column IX of Table I the efficiency at this load is 76.5 per cent. 

O 

Then K = = horsepower-hours input 

where £« == locomotive efficiency. 

Substituting, 

1134 

/h = = 1482 horsepower-hours. 


In kilowatt-hours the input is 

/k = 0.746 Ih = 0 746 (1482) = 1106 kilowatt-hours. 


These values and those for the otlier sections, similarly computed are 
tabulated in tlie last three columns of Table I. 

It should be noted in regeneration that the input is at the rail and the 
output is at the trolley; hence, 

(T.EXM.P.H.')T^ 

/h = 275 horsepower-hours input, 

, Oh = /b X Hr horsepower-hours output, 
and Ok = 0.746 On kilowatt-hours output. 


Summation of the values in Column XII, Table I, shows that the gross 
electrical input for running eastbound is Ir— 18,009 kilowatt-hours, the 
regenerated locomotive output is 2960 kilowatt-hours, and the net input to 
the locomotive is /n = 18,009 — 2960 = 15.049 kilowatt-hours. 

For t starts the accelerating tractive effort (Fig. 3) is 78,800 pounds 
per locomotive unit up to 13.5 miles per hour, at which point the efficiency is 
73 per cent. The accelerating input rate is 


(78.800) (13.5) 
(375) (0.73) 


= 3886 horsepower per locomotive unit. 


The time for each start is given in the solution of (5). Leaving the 
western terminal 5 locomotive units are used; at all other starts there are 
2 locomotive units. The total accelerating input then becomes 
, _S (3886) 5 + 2 (3886) (4 + 6 + 4) 

60 60 
= 3432 horsepower-hours. 

= 2560 kilowatt-hours. 


During* drifting, braking and standing the locomotive auxiliaries are 
taking power at a rate HFt, = K (HPe) horsepower where HFo = input 


tSee page 1239, (15) of the 1930 Proceedings, and page 73, (IS) of the July, 
1930, Supplement to Manual of 1929. 

*See page 1239, (16) of the 1930 Proceedings, and page 73, (16) of the July, 
1930, Supplement to Manual of 1929. 
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to locomotive at its continuous rating and K== 0 09 for a motor-generator 
type of locomotive. For each locomotive unit 

HPc = 2120 ^ 0.765 — 2771 horsepower 

and HPt. = 0.09 (2771) = 250 horsepower 

The total input for auxiliaries is 

5 (250) 20 + 2 (2501 (30 + 10 20 11 ■ 

60 60 
== 1009 horsepow’er-hours 
== 753 kilowatt-hours. 

Therefore, the gross input for the entire trip is, 

/G~/R + /s + /a 

= 18,009 + 2560 + 753 
= 21,322 kilowatt-hours; 

and the net input for the entire trip is the difference between the gross input 
and the regenerated energy ; that is, 

7^ = 21,322 — 2960 

= 18,362 kilowatt-hours. 

(7) From inspection of the profile it is ex-ident that the suitability 
of a two-unit road engine for hauling 1500 tons trailing westbound will be 
determined by the requirements when motoring up the 1.45 per cent grade 
on section 4 and \vhen regenerating down the 2.11 per cent grade on section 2. 

The train resistance of 1500 tons, made up of 65 empties and 1 caboose, 
from the Manual formula is 7.55 pounds per ton. 

On section 4 the running tractive effort is 

r.F,B = 20 (1.45) (1500 + 356) +15 (268) +7.55 (T500 + 88> 

= 69,833 pounds and the speed is 22.5 miles per hour. 

For starting, 

T.F.S =69,833 + 10 (1500 + 356) 

= 88,400 pounds. 

These values are within the continuous capacity of the 2-uiut locomotive. 

On section 2, the holding tractive effort on the maximum grade is 

T.E.n = 20 (2.11) (1500 + 356) — 15 (268)— 7.55 (1500 + 88) 

= 62,314 pounds. 

This is within the continuous capacity of the 2-miit locomotive. Hence, 
the road locomotive required for the eastbound loaded movement is sufficient 
for the westbound empty movement. 
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Appendix B 

(2) STUDY AND REPORT ON THE EXTENT TRAIN RE- 
SISTANCE IS INCREASED WHEN TRAINS ARE OPERAT- 
ING ON FLEXIBLE RAILS AS COMPARED WITH THE 
SAME OPERATION WITH STIFFER RAILS, COLLABO- 
RATING WITH COMMITTEE IV— RAIL, AND COMMIT- 
TEE XXI— ECONOMICS OF RAILWAY OPERATION 

T. C. Wrenshall, Chairman, Sub-Committee ; L. G. Aten, H. A. Dixon, T. H. 
Lantry.’*' Fred Lavis, William Michel, J. A Xoble, H. M. Stout, Walter 
Loring Webb. 

The subject assigned has been studied and data collected, but the same 
is not in suitable form for presentation to the Convention. The members, 
however, desire to call attention to the fact that in 1902 the late Dr. P. H- 
Dudley conducted stremmatograph tests of rails on the Xew York Central 
& Hudson Railroad, the more pertinent pamphlet describing mechanical 
experiences with limber and stiff rail sections. As far as we can ascertain 
this was the first definite effort to determine the relative values of the heavier 
rail sections and it was his thought that the heavier loads had increased the 
expended tractive effort to such an extent that it had become a decided 
factor in augmenting the wheel contact pressures, bending moments, and 
subsequent stresses in the rails as girders, which seems to indicate that the 
heavier sections were not only essential for the safe movement of the then 
and subsequent rapidly increasing axle loads, but were factors in decreasing 
train resistances in operation due to less flexibility. In other words, the 
mechanical properties of the design of the larger sections rendered the track 
structure stiffer and stronger even when carrying the larger wheel loads. 

At the March, 1930, Convention a very elaborate and instructive paper 
was presented by Chief Engineer A. N. Reece, of the Kansas City Southern 
Railway, on “Economical Selection of Rail,” and under Section 19 of that 
paper we find a description of train resistance measured upon rails of var 3 ’ing 
weights per yard, and the conclusions reached were that the heavier rail sec- 
tions were productive of less resistance than the lighter sections. (See pages 
1495 to 1553, inclusive, Vol. 31, 1930 Proceedings, A.R.E.A.) 

In the report of the Roadway Committee, pages 221 to 231 of Vol. 
30, A.R.E.A. Proceedings, will be found a report by Paul Chipman, Office 
Engineer of the Pere Marquette Railway Company, wherein he describes the 
lesser train resistances that were developed in test runs over tracks of greater 
rigidity than on tracks with flexible rails. This report is very complete and 
indicates the benefits to be derived from the reduction of train resistance due 
to the rigidity of the rail. No matter how the rigidity may be obtained, 
either by stiffer and stronger under support, or by the use of heavier rail 
sections with great girder strength, the result will be the same as regards 
train resistance in that with the less wave action or undulation there will be 
less resistance, and the general opinion appears to be that the better results 
are obtained from the more rigid rail which seems to be rapidly coming into 
general use. 


'^Deceased. 
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Appendix C 

(3) STUDY AND REPORT ON THE PROPER SIZE AND 
CHARACTER OF FIELD ORGANIZATIONS FOR RAIL- 
WAY LOCATION AND CONSTRUCTION 

Fred Lavis, Chairman, S ub- Committee ; F. L. Batchelder, J. L. Campbell, 
C. E. Day. A. B B. Harris, T. C. Macnabb, P. E. Thian. Walter Loring 
W'ebb 


LOCATION 

Reconnaissance 

Reconnaissance sufficient to determine the general route, principal 
governing points should precede the organization of survey parties and atten- 
tion is called to the use of the aeroplane and stadia surveys in this connec- 
tion, especially in unmapped territoiy. 

GENERAL CONSIDERATIONS 

(1) The personnel of field organizations for railway location and 
construction varies greatly according to conditions as to 

(a) Character of country, flat or mountainous, prairie land, 
dense forests, or extensive swamps ; 

(b) Distance from “civilization^* or sources of supply;^ 

(c) Presence (or absence) of the special conditions which have 
made some surveys particularly difficult, arduous and even 
dangerous ; 

(2) For purposes of analysis, the personnel should be divided into two 
classes — the technical and the non-technical men. The technical men include 
the leader or “chief-of-party,” the instrument men, and all those who must 
have technical qualifications and training. The non-technical men include 
cooks, teamsters, axemen, and all those whose duties can be performed by 
untrained men, who can frequently be recruited locally. 

(3) The larger part of the variations in personnel apply to the non- 
technical men. The personnel list of these men will vary according to cir- 
cumstances, and the list may sometimes be increased or diminished as the 
survey progresses, if circumstances warrant it and new recruits are readily 
obtainable when desired. 

(4) The chief-of-party should have no routine duties to perform. He 
should be free to “keep his eyes open”^ and to spend his time in planning 
the work and in studying the modifications of the original plan which the 
additional information developed by the survey show to be desirable or 
necessary. 

(5) Since the progress of the survey depends on having each man 
w’orking to the proper limit of his capacity, so that the party as a whole 
is not delayed waiting for an overloaded man to do his work or cause him to 
slight his work in order to keep up with the party, much depends on a proper 
balance of the personnel. For example, a large party whose daily or hourly 
cost, in salaries and expenses, is very large, might be delayed by an insuffi- 
ciency of axemen, the cost of the extra axemen being only a small part of 
the cost of the delay of the whole party. This general principle will explain 
the necessity of adding to the party some men who are frequently omitted 
from such lists with the mistaken idea of “economy.** For example, a 
“recorder** who should attend the transitman, particularly on preliminary 
surv^eys and especially when the stadia method is use<^ will permit the transit- 
man to devote his entire attention to his transit, avoid errors or inaccuracies 
due to a too hasty reading of angles, and the recorder will be able to produce 
more complete, legible and accurate notes for the use of the draftsman who 
plots the notes. One of the duties of the chief-of-party should be to watch 
the balance of the working force, and maintain the steady regular progress 
of the survey. A slight excess of cheap, non-technical men is less expensive 
than delays of the whole party. 
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PRELI]\fINARY STADIA SURVEYS 

(6) Except in timbered country, the stadia method of obtaining the 
requisite topography, on winch to base the “paper location," is often more 
rapid and efficient than the method of obtaining topography by cross-sections 
with a hand level. Some of the unpopularity of the stadia method is due to 
lack of familiarity witli some of the refinements of the method (using stadia 
slide rule, etc.) by which the work is facilitated and made more rapid and 
accurate. Whenever a “first" and “second" preliminary survey is made 
(perhaps only for short difficult sections) the first survey may preferably 
be made by stadia. The stadia, however, is usually only applicable to con- 
tinuously open country. 

(7) The personnel for stadia survey' should be: chiei-of-part>% transit- 
man, recorder, and two, three or four rodmen. When well organized and 
trained, four rodmen can be kept literally on the run, the number of ‘‘shots” in 
a day’s work will be correspondingly increased, the information obtained will 
be more complete and the progress of the party more rapid. A draftsman 
at the temporar 3 ' field headquarters should each day completely plot the 
previous day’s work. Levels should be controlled and" checked by a regular 
level party and one or two axemen and other non-technical men as conditions 
require. 

(8) The plane table may be used as an adjunct of the stadia survey 
and also for taking topography on suitable terrain if the personnel is familiar 
with its use and climatic conditions are such that its use will not interfere 
with the general progress of the survey. 

The following is suggested for the make-up of maximum and minimum 
parties for location: 

AIAXIMUM LOCATING PARTY 

I Chief-of-Partj’. 

1 Office Draftsman. 

Transit Party 

1 Transitman. 

1 Levelman. 

2 Flagmen. 

2 Chainmen. 

2 Axemen or More* 

Topography Party 

1 Topographer. 

2 Rodmen. 

La7%d Line Party 

1 Instrumentmaii. 

1 Flagman. 

1 Chainman. 

1 Axeman or More.* 

Corweyance and Subsistefice 

1 Cook. 

1 Flunkey. 

If Automobile Can be Used 

1 Light Truck with Shallow Bed. 

1 Light Automobile. 

Where Teams Have to be Used 

2 Two-Horse Teams and Wagons. 

1 Saddle Horse. 

1 Complete Camp Outfit to accommodate number of men in party. 

♦Number of axemen vary with character of country and in all cases should be 
left to the judgment of the Chief -of-Party. ^ 

♦Number of axemen vary with character of country and in all cases should be 
left to the judgment of the Chief-of-Party. 
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MINIMUM LOCATING PARTY 

1 Chief -of-Partj'. 

1 Instrumentman 

1 Rodman. 

2 Chainnien. 

2 Axemen or More.’' 

Conveyance and Subsistence 
2 Light Automobiles. 

Party stay at hotel or boarding house. 

CONSTRUCTION 

On Construction, a Division should cover about five (5) residencies, 
the Division Headquarters consisting of : 

Division Engineer. 

Ofl&ce Engineer. 

Assistant Office Engineer. 

Clerk and Stenographer. 

In certain parts of the world a doctor and complete medical outfit may 
be attached to Division Headquarters and^ special provision may have to be 
made for distribution of supplies of all kinds. 

Residencies will usually be about 10 miles in length, the personnel vary- 
ing with the character of the work. (In some cases the personnel may be 
the same on all residencies and the length of the residency varied in 
accordance with the character of the work.) 

For residencies 10 miles in length the following is suggested : 

Light Work 

Resident Engineer. 

Instrumentman. 

2 Rodmen. 

1 Cffiainman. 

1 Axeman (stakeman). 

Heavy Work (Including Tunnels and Heavy Bridges) 

Resident En^eer, 

1 Office Engineer. 

3 to 4 Instrumentmen. 

3 to 4 Rodmen. 

3 Chainmen. 

3 Axemen (stakemen) 

Necessary inspectors for masonry, steel or timber bridges, tunnels. 
Resident Engineer and light trucks or wagons for rest of party. 

Cooks and cook outfits if required. 

Necessary inspectors for masonry, steel or timber bridges, tunnels, 
buildings, water supply, etc. 

*Size of parties governed by local conditions, mggedness of country, length of 
line and time in which survey is to be completed. 
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Committee. 


- Died October 13, 1930. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the follow 
ing subjects; 

(1) Revision of Manual. 

(2) Anti-splitting devices (Appendix A). 

(3) Extent of adherence to the Standard Tie Specifications (Appendix B) 

(4) Substitutes for wooden ties (Appendix C). 

(5) Tie renewal averages per mile of maintained track and securing dab 
from the Bureau of Railway Economics and the reports of the Interstate Com 
merce Commission (Appendix D). 

(6) Methods and practices for proper seasoning of ties, with particula 
reference to increasing the service life (Appendix E). 

(7) Extent, if any, to which decay is permissible in ties for treatment 
the various forms of such decay and proper methods for detecting it. (N< 
report this year). 

(8) Comparison of ties renewed per maintained mile with proper adjust 
ment for rate of application of treated ties since the beginning of their use am 
for traffic, using the approved traffic unit. (Appendix F). 


The Committee regrets the passing of one of its members, Mr. P. B 
Jeffries, who died on October 13, 1930, Mr. Jeffries was an active worke 
whose advice and aid will be missed. 


Bulletin 332, Becember, 1930,' 
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Action. Kecommended 

(1) No revision of the 1929 Manual, as supplemented by Bulletin 327, 
is proposed. 

(2) That the recommended practice in accordance with Appendices A 
and E be added to the Manual. 

(3) That the reports contained in Appendices B, C, D, and F be re- 
ceived as information. 

Respectfully submitted, 

The Committee on Ties, 

W. J. Burton, Chairman. 


Appendix A 

(2) ANTI-SPLITTING DEVICES 

E. L. Crugar, Chairman, Sub-Committee; R. S. Belcher, C. W. Campbell, 

E. E, Chapman, H. R. Clarke, C. W. Greene, John Foley, R. S. Hubley, 

F. D. Lakin, L. T. Nuckols, L. J. Riegler, K. G. Williams, 

Your Committee has heretofore made progress reports upon certain 
shapes of anti-splitting devices applied to ties undergoing the process of 
natural seasoning. The result of this test indicates that all three shapes of 
iron, viz., the *‘C”, “S” and “Saf-Tie”, when properly applied, will meet the 
requirements. 

An examination of the anti-splitting devices now in use by different rail- 
roads indicates a variation in the thickness of the material used, and in other 
dimensions. The Committee has heretofore pointed out that an iron of 
sufficient stiffness to permit driving into the hardest woods is of sufficient 
strength to withstand seasoning stresses. An iron of greater thickness will un- 
necessarily displace wood which may cause further checking to develop and 
somewhat defeat the purpose for which the iron was applied. The Com- 
mittee, therefore, recommends that the thickness of the iron be not heavier 
than 13 gage. 

A double bevel edge is recommended for the reason that a greater area 
of full contact between the iron and the wood fiber is obtained than is the 
case with the single bevel t 3 T)e. 

Two sizes of anti-splitting irons are recommended: one size with 5-inch 
over all dimension for ties of Sizes 0, 1, 2 and 3; and one size with 6-inch 
over all dimension for ties of Sizes 3A, 4, 5 and 6. 

Conclusions 

1. All hard or broad leaved woods are subject to checking and should 
have anti-splitting devices applied. 

2. Anti-splitting devices should be applied prior to or at time the ties 
are delivered to the yard and stacked for seasoning. 

3. Anti-splitting devices should be so placed as to cross at right angles 
the greatest possible number of radial lines of the wood. 

4. Shape and size: (See drawings) 

5. Anti-splitting irons shall be made from open-hearth new billet steel of 
^ ^enai^ composition which shall be within the following limits: 



For Ties of Sizes 3A, 4, 5 and 6 For Ties of Sizes 0, 1, 2 and 3 
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Carbon 

25 

to 

.35 

Manganese 

40 

to 

.60 

Phosphorus 

05 

or 

less 

Sulphur 

05 

or 

less 

Copper 

20 

or 

more 




SECTION SECTION 
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Appendix B 

(3) EXTENT OF ADHERENCE TO STANDARD TIE 
SPECIFICATIONS 

John Foley, Chairman, Sub -Committee; M. S. BlaiJdock, J. F. Bums, C. W. 

Campbell, S. B. Clement, R. L. Cook, C. W. Greene, W. M. Jaekle, 

*P. B. Jeffries, J. E. King, F. D. Lakin, M. F. Longwill, M. J. Mc- 
Donough, H. C. Munson, L. T. Nuckols, J. H. Reeder, S. E. Shoup, E. H. 

Thomberry, J. W. Williams, K. G. Williams. 

* Deceased 

The low demand and curtailed production which characterized the cross- 
tie industry in 1929 continued throughout 1930, with local exceptions where 
railroads did not take positive action to restrict the receipts of the extra ties 
which are always produced when general business is depressed. In conse- 
quence there prevailed the lack of competition which provided extended time 
for the practice of adherence to accepted standards in inspection work. Not 
only did the railroads more generally accept only standard ties, but the con- 
tractors also more generally rejected sub-standard ties, with the result that 
the ties in existing stocks on the whole are nearer standard than they have 
ever been. 

Examinations were made by the Committee as a whole and by individual 
members of 7 lots of ties, totaling 2,000,000, accepted by 15 railroads. Two 
of the lots looked over comprised 500,000 hardwoods, mostly oaks, produced 
in Illinois and Kentucky, and represented the inspection of two railroads which 
do not print specifications in conformity with the standard. One railroad 
designates as “2nd Class” a Size 2 tie (6 inch by 7 inch) which is 8 feet long, 
and also as “2nd Class” a Size 4 tie (7 inch by 8 inch) which is 8 feet 6 inches 
long. Under its system a “1st Class” tie may be either 6 inch by 8 inch or 7 
inch by 9 inch, depending on whether it is 8 feet or 8 feet 6 inches long. 
The other railroad designates as “No. 5,” ties which are Size 4 and Size 3 in 
the standard specifications. The differences in the size specifications of these 
two railroads and the lack of any superiority in the ties accepted by them 
over those accepted under the standard specifications gave the Committee 
reasons for regarding these departures from the standard as inadvisable, un- 
necessary, and not providing sound bases for changes in the standard. 

The 13 railroads whose 1,500,000 ties in lots of 15,000 to 400,000 were 
examined at 5 points of concentration, obtained them in Louisiana, Oklahoma, 
and Texas. These ties were gum, oak, and pine. They had been accepted 
under the A.R.EA. or the U.S.R.A. specifications. In several cases, they are 
the ties of railroads whose inspection was deplored in the report of this Com- 
mittee in 1926. It is a satisfaction to record the remarkable improvement 
since then. The 1930 work resulted in ties no longer distinguished by decay 
and disregard for dimensions. Such unsound ties as are present evidently 
were accepted in error. Poor manufacture has not been eliminated to the 
same extent as in some sections of the country, and ties accepted as Size 1 
which should have been Size 0 are numerous. However, the changes from 
former laxity of inspection is so striking as to reflect credit on all concerned. 

At all seasoning yards where railroad stocks were examined, ties ac- 
cumulated by contractors were available in unusual quantities as a result of 
the poor demand for them. These ties had been accepted in accordance with 
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the standard specifications of the National Association of Tie Producers, 'wrhich 
are identical with those of the American Railway Association, and the inspec- 
tion was in general such that railroads could rely on it to an extent not to be 
thought of before the American Standard specifications were adopted in 1926. 
If both the contractors and the railroads continue to reject the ties which 
are not acceptable under the standard specifications, their manufacture will 
soon cease. Bowed, crooked, decayed, split, and undersized ties will not be a 
problem where their production is not encouraged by reckless inspection or by 
the acceptance of defective ties as so-called serviceable cuUs or usable rejects. 

The long-sustained extreme heat of the summer of 1930 split ties worse 
than is usual during the seasoning preparatory- to pre3er\-ative treatment. 
Where anti-splitting devices had not been applied before the ties were stacked, 
the loss in some sections was extreme. Such damage subsequent to their ac- 
ceptance should not be overlooked in considering the extent of adherence to 
specifications when the ties were inspected as purchased. 

There is evidently a wider appreciation of the loss from decay during 
overlong storage before preservative treatment, for at the wood-preser\-ing 
plants visited hundreds of thousands of ties were creosoted during 1930 when 
they were sufficiently seasoned, even though they could not be consumed and 
had to be held for use in 1931. 

Some railroads which had been using the specifications of the United 
States Railroad A dminis tration or Other slightly non-standard version of their 
own changed to the American Standard during 1930. 
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Appendix C 

(4) SUBSTITUTE TIES 

S. B. Clement, Chairman, Sub-Committee; S. V. Ardagh, M. J. McDonough, 
L. J. Riegler, E. H. Thomberry, W- W. Wysor. 


REPORTS FROM RAILWAYS MAKING TESTS OF 
SUBSTITUTE TIES 

Atlanta and West Point Railroad 

Reported by S. R. Young, Assistant Chief Engineer. 

Date— June 27, 1930. 

Kind — Duke Reinforced Cross-Tie. 

The ties originally installed are aU reported as still in the track. No new 
installations have been made. 

Bangor and Aroostook Railroad 

Reported by P. C. Newbegin, Chief Engineer. 

Date — ^June 9, 1930. 

Kind — ^Maine Concrete. 

There has been no change in the condition of these ties since the report of 
a year ago. 

Bessemer and Lake Erie Railroad 

Reported by F. R. Layng, Assistant Chief Engineer. 

Date — October 23, 1930. 

Kind — ^Brown Concrete (Casey). 

Fifteen hundred Brown concrete ties of the same type as installed on the 
Pennsylvania Railroad and reported in Vol. 30, were installed in the south- 
bound main track just south of the Allegheny River bridge near Oakmont, 
Pa., in May, 1930. Part of these ties are on three degree curve and part on 
tangent. The grade is ascending 0.6 per cent to the south. The ties weigh 
about 650 pounds each. Track is ballasted with 2^4 inches blast furnace slag 
on solid and well drained roadbed. Rail is 130 pound and ties are spaced 18 
to 33 ft. rail. 

Delaware and Hudson Company 

Reported by H. S. Clarke, Engineer Maintenance of Way. 

Date — ^June 10, 1930. 

Kind — ^Dalton, 

All ties are reported as working out excellently, and the tie plant installed 
for making the ties is working to capacity of approximately 80 ties per day. 
All ties manufactured are installed under a regular budget plan. 

Duluth and Iron Range Railroad 

Reported by E. H. Dresser, Vice-President and Chief Engineer. 

Date — October 22, 1930. 

Kind — Carnegie and Hatch. 

The last report showed 1045 of the Carnegie Steel ties in track. Recent 
inspection shows this number to have been reduced to 937. 

Seven of the Hatch ties are still in track but all of these are in a more or 
less damaged condition. 




Brown Ties on Bessemer and Lake Erie Railroad 
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Duluth, Missabe and Northern Railway Company 

Reported by E. H. Dresser, Vice-President and Chief Engineer. 

Date — ^June 11, 1930. 

Kind — Carnegie and Kimball. 

A number of the Carnegie ties have been removed from track during the 
year, but the Kimball ties are all in place and giving good service. 

Elgin, Joliet and Eastern Railway 

Reported by F. H. Masters, Assistant Chief Engineer. 

Date— October 22, 1930. 

Kind — Bates and Carnegie. 

^ Of the 62 Bates concrete ties installed in 1912 near Whiting, Ind., 60 re- 
main in service at the point of original installation. Two ties were removed 
in June, 1930, on account of the tie and reinforcing rods between the two 
concrete blocks having rusted throu^, thus separating the two concrete blocks 
which form the tie. The concrete in one of these ties was very badly cut or 
shattered under the rails but the concrete in the other tie was in very good 
condition. 


Statement Showing Carnegie Steel Switch Ties and Steel Cross- 
Ties IN Tracks on July 1, 1930. 




Lin. ft. of 

Lin. ft. of 

Lin. ft. of 

Lin. ft. steel 

steel switch 

steel switch 

steel sw. ties 


sw. ties 

ties taken 

ties laid in 

taken up ac- 


laid in 

up account 

Construe- 

count track 

Year 

Renewals 

of Renewals 

tion 

retired 

1912 

30452 


5580 


13 

196333 


11527 

430 

14 

142939 


5135 


15 

58314 


2023 

1615 

16 

17856 

10 

7120 

16498 

17 

3789 

1907 

8623 

17340 

18 

4511 

3006 

6564 

5453 

19 

6483 

526 

1582 

1582 

20 

575 

22737 

2588 

2774 

21 

4712 

24855 

717 

4744 

22 

241 

21903 

444 

527 

23 

846 

19451 



24 

2300 

18124 

441 

1394 

25 

180 

33700 


2271 

26 

1708 

37098 

255 

2550 

27 

0 

142954 

2004 

945 

28 

0 

77891 

0 

0 

29 

0 

17794 

0 

0 

Jan. 1st to 





June 30, 1930 0 

798 

0 

401 

Total 

471239 

4227S4 

54603 

58524 

Linear feet of steel switch ties laid in Renewals 


Linear feet of steel switch ties laid in Construction 

54603 





525842 

Lmear feet of steel switch ties taken up 

account Renewals. 

422754 

Linear feet of steel switch ties taken up account Tracks Retired S8S24 

Total 



481278 

Linear feet 

of steel switch ties in track July 1, 1930 
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Carnegie Steel Cross-Ties 


Number of steel cross-ties laid in track 15514 

Number of steel cross- ties taken up 11505 


Number of steel cross- ties in track July 1, 1930 4009 

Steel cross- ties renewed as follows: 

Year Number 

1916 SO 

1917 260 

1918 182 

1919 453 

1920 306 

1921 1165 

1922 641 

1923 2620 

1924 1341 

1925 262 

1926 550 

1927 2399 

1928 1276 

1929 0 

1/1/30 to 7/1/30 0 


Total IISOS 


Long Island Railroad 

Reported by T. J. Skillman, Chief Engineer, Pennsylvania Railroad. 

Dated — ^August 8, 1930. 

Kind — ^King Foreign. 

All ties removed during year due to failure. 

Los Angeles Railway 

Reported by B. J. Eaton, Engineer Way and Structures. 

Date — June 10, 1930, 

Kind — ^McDonald Concrete. 

All of the ties are yet in track. 

Pennsylvania Railroad — Eastern and Central Regions 

Reported by T. J. Sldllman, Chief Engineer. 

Date — August 8, 1930. 

Kind — ^Riegler, Snyder, Brown, Silver and Willis. 

Riegler — One tie removed on account of disintegration. Concrete spalled 
off on six ties, at the ends or under rails. 12 clips out of 112 are loose and 
cannot be tightened unless bolts are renewed. Eight ties are in good condition. 
They have been in heavy service, high speed tracks for 22 years. 

Snyder Composite-^95 ties were removed during the past year on ac- 
count of failure of steel sh^ and crushing of concrete. A number of dips are 
missing and many bolts are loose and rusted so that they cannot be tightened. 
Brown Concrete (Casey): 

Aspinwall, Pa. — ^Two ties were removed during the year, and 20 more 
should be removed due to crumbling. These ties are of the earlier design and 
are in rather poor condition. 

Hays, Pa. — ^Ten ties were removed in 1928. Balance in fair condition, 
except that the wooden plugs have been spike killed due to regaging. 

Monongahela, Pa.— None of the ties have been removed but 25 show 
signs of di^tegration. 

Wilkinsburg, Pa. — One tie was removed due to disintegration. 
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Pitcairn, Derry, Conpitt Jet., and Tunnelton, Pa. — ^All ties are in good 
condition except 60 which are broken at one end from three to six inches. 

Bellwood, Pa. — total of 261 ties were removed during the year due to 
failure of concrete. Of the remainder, 72 are cracked through, 48 are spalled 
and crushed under the rails, and 137 have the ends broken off at the rein- 
forcing steel. 

Highspire, Pa. — 59 ties were removed during the year due to failure of 
concrete. Of the balance in track, 33 are cracked through, and 2S are spalled 
and crushed under rails. 

M. P. 31, A. & S. Branch — 78 ties removed during the year due to failure 
of concrete. Of the balance in track, 11 are cracked through, 9 are spalled 
and crushed under rail, and 58 have been damaged by wreck. 

Haines, C. & P. D.— 47 ties were removed during the year, due to fail- 
ure of concrete. Of the balance in track, 15 are cracked through, 13 are spalled 
and crushed under rail and 20 have ends broken off at reinforcing steel. 

Conowingo, C. & P. D. — ^39 ties removed during the year, due to failure 
of concrete. 22 ties in track are cracked through, two are spalled and crushed 
under rail and 15 have ends broken off at reinforcing steel. 

Octoraro, C. & P. D. — 55 ties removed during the year, due to failure of 
concrete, 25 ties in track are cracked through, 7 ties are spalled and crushed 
under rail, and 23 have ends broken off at reinforcing steel. 

Silver Steel and Concrete, West Morrisville, Pa. — ^No change during 
year. 

Willis Concrete, Manhattan Produce Yard — ^Ties are in fair condition. 
Southern Pacific Lines 

Reported by E. A. Craft, Engineer Maintenance of Way. 

Date — September 30, 1930. 

Kind — ^U. S. Indestructible. 

A recent inspection of the concrete ties installed near Eagle Pass, Texas, 
in May, 1916, showed that they were still in good condition. 

St. Louis and San Francisco 

Reported by F. G. Jonah, Chief Engineer. 

Date — September 3, 1930. 

Kind — Clarke-Applegate. 

The metal is getting veiy badly corroded, but the ties are still in service. 
Terminal Railroad Association of St, Louis 

Reported by H. J. Pfeifer, Chief Engineer. 

Date — ^June 9, 1930. 

Kind — ^MiHer. 

These ties are reported to be in the same condition as last year. 
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Appendix D 

(5) TIE RENEWAL AVERAGES PER MILE MAINTAINED 

J. H. Roach, Chairman, Sub-Committee ; M. S. Blaiklock, W. C. Bolin, J. F. 
Bums, W. M. Jaekle, S. S. Roberts, L. L. Tallyn, H. M. Tremaine, J. W. 
Williams, W. W. Wysor, R. C. Young. 

Tables A and B, herewith, give the 1929 tie renewals as reported to the 
Interstate Commerce Commission, or in the case of the two principal Canadian 
railroads, as reported to the Committee in the same form. 

The tables for the first time this year include the density of traffic figures. 
The unit of traffic is that approved by the Association. “Equated Gross Ton 
Miles” is the sum of gross ton-miles of freight cars, ton miles of passenger 
cars, twice the ton-miles of freight locomotives and three times the ton-miles 
of passenger locomotives. 



Table A 

CROSS TIES LAID IN REPLACEMENT ON LEADING RAILROADS IN THE UNITED STATES 

Calendar Year Ended December 31, 1929 

Estimated 

Wooden ties untreated (U) Wooden ties treated (T) Ties other , Miles of total cross , 
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Table B 

WOODEN CROSS TIES LAID IN REPLACEMENT (TREATED AND UNTREATED) ON LEADING RAILROADS IN THE 

UNITED STATES 

Calendar Year Ended December 31, 1929 

Note: All figures are exclusive of Bridge and Switch Ties 
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Appendix E 

(6) METHODS AND PRACTICES FOR PROPER SEASON- 
ING OF TIES, WITH PARTICULAR REFERENCE TO IN- 
CREASING THE SERVICE LIFE. 

H. R. Clarke, Chairman, Sub-Committee; John Foley, W. R. Ballord, R. S. 

Belcher, H. F. Brown, C. W. Greene, C. S. Kirkpatrick, F. C. Krell, H. C. 

Munson. 

As such a large percentage of ties are now being treated this subject 
naturally divides itself: 

First — Handling previous to receipt at treating plant. 

Second — Seasoning at treating plant yards. 

(A) Handling previous to receipt at treating plant. 

(1) Ties should be moved promptly, after they are made, from the 
woods to the tie yard. They shall be moved within 30 days. 

Ties shall be moved from tie yard to treating plant as promptly 
as possible. This movement naturally depends on the method of 
transit ; stages of water and road conditions at times must govem. 

(2) While waiting shipment ties shall be piled in cribs of 2 and 7 as 
described in paragraph 22 “Specification for Cross-Ties” of this 
Association. 

(3) Ties should be stacked on ground bare of debris or vegetation 
for at least two feet around each stack and clear of vegetation 
over six inches high within ten feet of any stack and sufficiently 
well-drained so that water will not stand under the stacks or in 
their immediate vicinity. Decaying wood debris should be 
thoroughly removed. 

(B) Seasoning at treating plant yards. 

(1) Tie treating plant yards shall be well-drained to permit rapid run 
off of rainfall and be so graded that water does not stand in low 
spots. 

(2) Tie treating yards shall be kept free from vegetation and decayed 
or rotting wood. 

(3) Ties shall be piled in such a way as to permit free circulation of 
air; this to be accomplished with the TniniTnum bearing of one tie 
on another. 

The particular method of piling best adapted to any given 
seasoning yard depends upon such factors as species of wood, 
yard site, weather conditions and on whether the dominant defect 
is decay or checking. 

The best spacing will depend somewhat on the average humidity 
of the location. No tie should touch the adjacent tie in the layer 
and a space of from 2 inches to 4 inches, depending on local 
conditions of humidity, should be left between the ties. 

Tie piles shall be a sufficient distance apart to permit proper 
inspection so that seasoning may be watched and any evidence 
of decay readily detected. 

(4) Treated sills or concrete blocks shall be used as foundation for 
ties piled for seasoning. The bottom ties in the pile shall be at 
least 6 inches above the ground. 

(s) Ties shall be treated promptly after the timber has been seasoned 
to the proper point. 

(6) After treating, ties should be allowed to season and dry at either 
the treating plant or on the line before being placed in track. 
Zinc treated ties should be stacked so as to obtain free circula- 
tion of air with minimum contact. 

Creosoted ties should be stacked as compactly as practicable. 
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Appendix F 

(8) COMPARISON OF TIES RENEWED PER MAINTAINED 
MILE WITH PROPER ADJUSTMENT FOR RATE OF 
APPLICATION OF TREATED TIES SINCE THE BE- 
GINNING OF THEIR USE AND FOR TRAFFIC, USING 
THE APPROVED TRAFFIC UNIT 

W. C. Bolin, Chainnan, Sub-Committee; R. L. Cook, P. B. Jeffries, M. F. 
Longw^, J. H. Roach, S. S. Roberts, S. E. Shoup, L. L. Tallyn, H. M. 
Tremaine, R. C. Young. 

The Committee, while reporting progress, is not ready to report fully on 
this subject. However, as containing excellent and unique data bearing on 
this subject, the Committee presents, as part of this Appendix, the monograph 
by one of its members, Mr. S. E. Shoup, giving very complete data on the 
experience of the Kansas City Southern with creosoted ties. 


STUDY OF THE LIFE OF UNTREATED HARDWOOD TIES 
AND CREOSOTED RED OAK TIES, BASED ON TIE 
RECORDS OF THE KANSAS CITY 
SOUTHERN RAILWAY 

By S. E. Shoup 

This study is based on the tie records of the Kansas City Southern Rail- 
way Company. 

In the year 1908, the Kansas City Southern commenced the use of dating 
naUs on each tie inserted and, at the same time, instituted a report of ties re- 
moved from track for the use of the section foremen. These records have 
been continuously maintained, with the consequence that the Kansas City 
Southern is one of the few railroads in America on which reliable tie data are 
available for the system as a whole. 

The statistics on untreated hardwood ties are develop^ from the record 
of removal of 1,254,000 ties placed in 1908, 1909, 1910, 1915 and 1916, 

The statistics on creosoted red oak ties are developed from the record 
of removal of 226,000 ties of a total of 2,616,000 placed commencing with 
1910 and continuing in varying numbers each year thereafter. 

Creosoted pine ties were used experimentally in 1909, 1910 and 1911, but 
their use was discontinued with the adoption of the creosoted red oak tie. 
In 1918 the use of creosoted pine ties was again begun and since that year 
some ties of this class have been inserted each year — total of 860,161 having 
been inserted since 1918. In addition, 58,588 ties of other woods have beeir 
used since 1918, most of this number being gum and a few white oak. 

There are at the present time approximately 4,130,000 ties in the tracks 
of the Kansas City Southern — ^Texarkana & Fort Smith Railways, of w'hich ap- 
proximately 2,300,000, or 57.9 per cent, are creosoted red oak and approxi- 
mately 882,000, or 21,3 per cent, creosoted pine and gum, making the total 
percentage of creosoted ties on the system 79.2 per cent. 
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Form 

The section foreman makes a monthly report to the Roadmaster of ties 
placed and removed on the form shown in Fig. 1. This form is combined in 
the Roadmaster’s office and two copies for the entire district are forwarded 
to the Division Engineer, who retains one copy for his file and sends the other 
to the Chief Engineer. The Chief Engineer’s office summarizes certain in- 
formation from these forms and forwards it to the general officers interested. 

It will be noted that the information on ties removed covers the mile of 
track, the year placed in track, the kind of tie, whether treated or un- 
treated, whether removed from tangent or cur\’e, main line or siding, and the 
cause of removal. From these reports it is possible to study any mile in- 
dividually or any section individual^. The operating district is the unit 
territory used in this study. Generally speaking, the operating district is the 
territorj" assigned to one Roadmaster, and varies from 95 miles on the Fourth 
District, Northern Division, to 125 miles on the First District, Southern Divi- 
sion. Excluding branch lines and part of the Kansas City terminal division, 
there are 790 miles of main line and 142 sections, making each section average 
5.56 miles of main line. 

TraJEEic 

The average annual traffic of the Kansas City Southern from 1908 to 
1927 inclusive, by five year periods, is given in the following tabulation. This 
statement is based on the statistical records of gross tons one mile per mile of 
road, which is given by itself and to which is added, on an estimated basis, 
the tons of freight locomotives and passenger trains, the freight locomotive 
tonnage being multiplied by 2 and the passenger locomotive tonnage being 
multiplied by 3 to arrive at the equated tonnage: 


Table I— Average per Year— Tons 1 mile per mile— (000 omitted) 


District 

1908 

1912 

1913 

1917 

1918 

1922 

1923 

1927 



Frt.G.T. 

Eq.G.T, 

FrLG.T, 

Eq.G.T. 

Frt.G.T. 

Eq.G.T, 

Frt,G.T 

.Eq.G.T. 

1st 

Nor. 

....3,704 

5,730 

5,122 

7,398 

5,962 

8,238 

5,9‘24 

8,194 

2nd 

Nor. 

...3,656 

5,806 

4,167 

6,793 

4,998 

7,748 

4,634 

7,309 

3rd 

Nor. 

...2,300 

4,000 

3,924 

6,099 

4,844 

7,214 

4,652 

6,952 

4th 

Nor. 

...2,376 

4,342 

3,494 

5,706 

4,044 

6,384 

5,036 

7,596 

1st 

Sou. 

....3,646 

5,586 

3,386 

5,376 

4,014 

6,134 

5,202 

7,702 

2nd 

Sou. 

...2,402 

3,952 

2,562 

4,112 

2,988 

4,628 

3,722 

6,712 

3rd 

Sou. 

...1,760 

2,990 

1,580 

2,790 

2,004 

3,264 

4,400 

5,900 

System . . 

.... 

4,667 


5,475 


6,234 


1,212 


In the foregoing statement, locomotives are not included in freight gross tons. 


Physical Characteristics 

The physical characteristics of the various operating districts of the Kan- 
sas City Southern are as shown in the following table: 
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Table II — ^Physical Cilvr.\cteristics 




o 


o 

3 


C fc. 


G ac 


£ « 

s 

% 

Cl 




ii 

li 

Pittsbii 

Watts 

— > 

3 w 

aa 

GEo 

c/31-3 

s . 

gS 

Mileage 

122.8* 

108.4 

101.2 

95.0 

125.3 

112.0 

117.8 

Miles curved track 

24.0 

31.6 

26.9 

35.4 

19.7 

20.9 

7.9 

Percentage curved track . . 

. 19.6 

29.1 

24.6 

37.3 

15.7 

18.7 

6.7 

Total degrees curvature . . . 

2649 

4848 

3229 

5971 

1666 

2724 

957 

Deg. curv. per mi. line . . . 

21.6 

44.7 

31.9 

63.8 

13.3 

24.3 

8.1 

Sum of ascents South. 

1481 

1567 

996 

2040 

979 

1368 

S55 

Sum of ascents North 

Maximum gradient 

1289 

1545 

1384 

2213 

1152 

1363 

775 

(Comp.) per cent 

Mean annual 

1.1 

1.8 

1.04 

1.50 

1.13 

1.12 

1.0 

rainfall (inches) 

Life of untreated hardwood 

. 38.29 

41.75 

40.51 

43.75 

42.31 

50.93 

50.07 

ties. 5 year average 
(years) 

. 9.27 

8.03 

8.03 

6.S1 

7.18 

7.19 

7.50 

Max. freight locomo' 
tive axle loads — ^Ibs. 








1908-1911 

.48,900 

48,900 

48,900 

48,900 

42,000 

42,000 

38,000 

1911-1918 

.57,600 

61,300 

48,900 

61,300 

48,900 

48,900 

48.900 

1918-1930 

.57,600 

61,700 

61,700 

61,700 

57.600 

61,300 

48,900 


* Tie statistics given for only 107 miles of this district. 


Rail and Ballast 

First Dfetrict, Northern Division — Grandview to Pittsburg. 

Rail— Laid with 85 tb. rail, 1905-6; relaid with 85 ft), rail 1921-22; 25 
miles relaid with 127 ft), rail 1930. 

Ballast — Chat ballast. Reballasted wth chat 1915 ; running surface 
1922. 

Second District, Northern Division — ^Pittsburg to Watts. 

Rail — ^Laid with 85 ft), rail 1905-6; 30 miles relaid with 85 tb. rail 1923; 
37 miles relaid with 100 tb. rail 1925; 18 miles relaid with 100 tb. 
rail 1929; 15 miles relaid with 127 lb. rail 1930. 

Ballast — Original ballast chert; 60 miles reballasted with chat 1915-16; 
48 miles reballasted with gravel 1915-16; 46 miles reballasted with 
chat over gravel 1925. 

Third District, Northern Division — ^Watts to Heavener. 

Rail — ^Laid with 80 lb. and 85 lb. rail 1905-6; 53 miles relaid with 
85 lb. rail 1923-24-25; 49 mhes relaid with 100 tb. rail 1925-26-27. 

Ballast— Original ballast chert; reballasted with gravel 1916; 55 miles 
rebaUasted with chat 1925-26. 

Fourth District, Northern Division — ^Heavener to De Queen. 

Rail — ^Prior to 1906, 86 miles 80 ft), rail, 9 miles 75 tb. rail; 3 miles 75 
lb. rail relaid 1912; 6 miles 75 lb. rail relaid 1915; completely relaid 
with 85 lb. rail 1915-16; 12 miles relaid with 85 lb. rail 1919; 35 
miles relaid with 85 lb. rail 1921; 11 miles relaid with 115 lb. rail 
1928; 12 miles relaid with 127 ft), rail 1928; 23 miles relaid with 100 
lb. rail 1929- 

Ballast — Original ballast chert and sandstone; 81 miles reballasted with 
gravel 1915-16; 35 miles rebaUasted with gravel 1921. 

First District, Southern Division — ^De Queen to Shreveport. 

Rail — ^Laid with 85 lb. rail 1908 and prior thereto; relaid with sawed 
second-hand 85 lb. rail 1924-29. 

Ballast — Gravel. 

Third District, Southern Division — ^Leesville to Port Arthur. 

Rail — Original rail 60 lb.; relaid completely with 85 lb. 1910-11-12. 

Ballast — ^Earth, sand and oyster shell until 1915, when ballasted prac- 
tically throughout with gravel; 20 miles rebaUasted with gravel in 
1924; 55 miles reballasted with gravel in 1925. 
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Third District, Southern Division, Leesville to Port Arthur. 

Rail — Original rail 60 lb.; relaid completely with 85 tb. 1911-19; 48 
miles relaid with 85 tb. rail 1927. 

Ballast — ^Earth and sand until 1913-14, when oyster shell was applied; 
35 miles reballasted with gravel 1915; 40 miles reballasted with gravel 
1918-19; SO miles reballasted with gravel 1923. 

Tie Plates 

In 1914 an inventory developed 860,550 tie plates were in track. The 
number applied since that year is 3,850,662, making the present total ap- 
pro3±tnately 4,711,212. The tie plates applied since 1914 have been fairly 
evenly spread over the intervening years and in applying them, treated pine 
ties, curves and treated red oak ties have been favored in the order given. The 
present average is something over one plate per tie, which means that ap- 
proximately one-half the total number of ties are plated. However, since 
these have mostly been applied on the main line, it is safe to estimate that 65 
per cent of the main line ties are fully plated. Since 1923 all rail laid has been 
on ties plated out of face. 

Untreated Hardwood Ties 

The tie specifications under which hardwood ties were purchased were 
not substantially changed, if at all, between 1908 and 1916. 1^ is believed 
that under the specifications now in force, however, that the general average 
of ties purchased is somewhat better than thdse bought between 1908 and 1916. 
At the present time the general average is the practical equivalent of a No. 4, 
but from 1908 to 1916 the average was probably about a No. 3. To what 
extent the better ties will mfluence the life is problematical and unfortunately 
the present data sheds no light on this phase of the question. 

The number of tie removals were determined by taking the monthly re- 
port of the roadmasters and assembling therefrom the number of ties of each 
of the years under consideration, which were removed during that month. 
This information was then totaled by districts and system for each year. This 
incurred the examination of about 25 sheets of the form shown in Fig. 1 for 
each month, or something over 1,000 entries per month. It was found that 
after the l5th year the records of removal were so few as to be negligible, 
with the consequence that 15 years was as far as the search was carried. In 
general, approximately 80 per cent of the ties placed were accounted for which, 
in view of heavy reconstruction work on much of the line during 1910, 1911 
and 1912, with the resultant abandonment of old line, was considered satis- 
factory. 

The charts showing the removals of untreated hardwood ties are prepared 
from the foregoing information by calculating the percentages of ties removed 
each year taking the total number accounted for as 100 per cent and accumu- 
lating the annual percentages. The average for the five years studied is shown 
for each district on Charts 1, 2, 3, 4, 5, 6 and 7. Chart 8 shows the average 
for the system for the five years studied. The system average for each of the 
five years considered is shown on Charts 9, 10, 11, 12 and 13. The extreme 
difference in these system averages is .38 years life, while the maximum over 
the mean is only .17 year and the minimum qnder the mean only .21 years. 
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At least three known causes contribute to the longer system life in 1916 
compared with previous years. 

(1) A bettered road bed and ballast condition. 

(2) A reduction in the use of untreated hardwood ties on the South- 
ern Division. 

(3) A more extended use of tie plates. 

Because of these facts it is probable that 7.94 j’ears more nearly represents 
the present system average life than the previous years. The notable points of 
the data on untreated hardwood ties are: 

(1) The long life on the First District, Northern Division heaviest 
traffic. 

(2) The short life on the Fourth District, Northern Division. In 
this connection, attention is directed to the high percentage of 
curvature on this District as shown under the physical character- 
istics. 

(3) Longer life on the Third District, Southern Division, than on the 
First and Second Districts, Southern Division. 

Cause of Removal 

It is appreciated that when a cross-tie becomes old, say an untreated hard- 
wood tie that has been under traffic ten years, it is difficult to assign its re- 
moval to any one definite cause. In fact, the ideal condition of failure is when 
no specific reason is apparent. Each of the major causes of removal contributes 
to the other. Ties become rail cut because they are softened by decay and 
decay more rapidly because rail cutting exposes undecayed fiber. The follow- 
ing analysis of causes while taken from the removal reports cannot, therefore, 
be considered conclusive, but, as, representing the consensus of opinion of the 
foremen, it deserves consideration. 

Investigation of causes of removals of all untreated hardwood ties over 
several months, taken at random from several years insertions and covering 
approximately 40,000 ties, gave the following: 


Removed account decay 78 per cent 

Removed account rail cutting 13 per cent 

Removed account broken 6 per cent 

Removed account split 2 per cent 

Removed account other causes 1 per cent 


100 per cent 

Creosoted Red Oak Ties 

Red oak is a hard, coarse grained wood which, when used for cross-ties 
without treatment, is short lived. Due to the coarseness of its fibrous struc- 
ture, however, it is particularly susceptible to creosote treatment and when 
treated has the quality of a hardwood tie with its resistance to decay greatly 
increased. The Kansas City Southern experimented banning with 1906 in 
treating pine ties. Various treatments then new and unproved were tried 
without sufficient success to justify any one of them. In 1909 creosoted pine 
ties were tried and their use continued into 1910 and 1911. These ties have 
given, good service and it is probable that had tie plates been available and 
used on these ties, their extensive removals on account of rail cutting would 
have been greatly delay^. Jn 1910, after some previous experimentation, 
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except for creosoted pine ties already on hand or contracted for, their use was 
entirely abandoned for the creosoted red oak tie. Since 1910 more than two 
and one-half million creosoted red oak ties have been used with uniformly 
satisfactory results. 

While some creosoted red oak ties were sent to the Northern Division in 
1910 and 1911, the majority were placed on the Southern Division where 
climatic and roadbed conditions were severe on untreated ties. In 1912, more 
creosoted red oak ties were used on the Northern Division than on the 
Southern Division. After 1912 practically all the creosoted ties were assigned 
to the Southern Division until about the year 1918. Since 1925, over 90 per 
cent of all the ties used on the system have been treated with creosote. 

Specification 

The specifications for treating ties with creosote were unchanged from 
1909, the date creosoted ties were first obtained, until 1927 when slight modi- 
fications were put in effect. At the present time, a mixture of creosote and coal 
tar is being used in the proportion of 70 per cent creosote and 30 per cent coal 
tar. Since this study embraces primarily the earlier ties, only the original 
specification is given, which reads as follows: 

“An average of 2^4 gallons of creosote oil per tie is to be volume 
of creosote left in tie after treatment; it being understood that where 
the density of the wood is such as to make it impossible to inject 
sufficient oil to have the tie retain the said 2^4 gallons that treatment 
of same will be to refusal. The average is based on each run or 
cylinder load.” 

Study of Results 

The statistics herein given for treated ties are taken from the same reports 
of ties removed from track as the untreated hardwood ties. They differ from 
the untreated hardwood tie statistics in that all the treated ties removed on 
each district are taken into account and totals compiled with respect to the 
year placed and removed. Up to and including July, 1930, there were a total 
of 226,000 removals. 

It was thought at the time this study was begun that some definite light 
would be thrown on the life of creosoted ties since a twenty year record was 
available on those first placed. However, only 32 per cent of those placed in 
1910 have been removed and how long the remaining 68 per cent will last still 
belongs in the realm of speculation. The best that can be done from present 
data is to give the percentage of removal for each year of life. Table III 
shows this information in statistical form and Charts 14 and 15 show it in 
graphical form for the system as a whole, the Northern Division, Southern 
Division and the three Southern Division Districts. Table III shows the total 
number of creosoted oak ties removed from track with respect to the number 
of years’ life obtained from them. For the first six years of life, fifteen years 
of removals are shown, and the percentage removal obtained by dividing the 
removals by the total of the fifteen years’ insertions. The seventh year, the 
total removals are divided by the total of fourteen years’ insertions to obtain 
the percentage; the eighth year removals are divided by the total of thirteen 
years’ insertions, and 90 on until the twentieth year is divided by only one 
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year’s insertions — ^i.e., 1910. It is thought that this method is the most com- 
plete and reliable way of obtaining data on the annual rate of removals and 
the indication of probable life at the present time. 

The insertions of creosoted red oak ties on the Northern Division were 
not in sufficient volume in the early years of their use to allow supportable 
conclusions of a worth while character to be drawn from an analysis by dis- 
tricts- The Northern Division is, therefore, treated as a unit and the curves 
representing the accumulative percentage of removals on the Northern Divi- 
sion, the Southern Division and the System are shown on Chart 14, while the 
same information for the individual districts of the Southern Division is shown 
on Chart 15. 

In order to amplify Table III and the charts relating thereto, and to in- 
sure against the process used and results obtained being misleading, Table IV 
is given which shows the percentage of removals to June 30, 1930, of the ties 
placed each year from 1910 to 1926. 


Table TV 


Placed 

Removed to 
7/1/30 

Placed 

Removed to 
7/1/30 

Placed 

Removed to 
1/\/30 

1910 

32.4% 

1916 

10.8% 

1922 

0.7% 

1911 

38.0% 

1917 

6.3% 

1923 

0.4% 

1912 

32.0% 

1918 

9.4% 

1924 

0.1% 

1913 

15.1% 

1919 

3.9% 

1925 

0.2% 

1914 

31.7% 

1920 

2.5% 

1926 

0.1% 

1915 

22.5% 

1921 

2.1% 



Cause of Removal 

In the case of creosoted red oak ties, the information as to cause of re- 
moval is more reliable and consistent than in the case of untreated hardwood 
ties, due to the small percentage of removals on account of decay. While it 
is true that a certain softening of fiber may result from age before actual 
decay is observable which, in a measure, contributes to rail cutting, it is far 
less than in the case of untreated hardwood ties. The volume of work re- 
quired for examining aU the removab to determine the causes made such an 
investigation impracticable. This phase of the study was, therefore, confined 
to the ties placed during 1913, 1914, 1915, and 1916 which were removed dur- 
ing 1929 and to June 30, 1930. The total number of ties of these four years 
removed during this 19 month period was 52,181 and the percentage of re- 
movals for the various causes is as follows: 


Removed account decay 3.7 per cent 

Removed account accident 0.7 per cent 

Removed account broken 0.3 per cent 

Removed account rail cutting 95.3 per cent 


100 per cent 

It may be stated, in this connection, that no reports of decayed ties were 
observed in the entire study which had been in service less than 10 years and 
that practically all removals up to and including the 6th year were on account 
of derailments or breaking. 
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One of the most interesting and important features in connection with the 
use of treated ties is the reduction in tie renewals caused bj" the longer life of 
the treated tie. Table V shows this for the Kansas City Southern from 1908 
to 1929. It will be noted that in 1910 the renewals per mile of all tracks 
amounted to 462.3 ties per mile which is the maximum. In 1926 the re- 
newals had declined to 121.2 ties per mile which, until this time, has been the 
low point. At this rate of renewal, the average life of ties would be ap- 
proximately 26 years. However, it will be noted further that in 1927 the re- 
newals per mile rose to 127.4 and in 1928 to 143.5. It is probable that there 
will be a further decline from 1928 and 1929 as the percentage of treated ties 
increases. The low point of 1926 was due to the fact that the treated ties had 
not begun to fail in large numbers, only 17,598 treated oak ties being removed 
that year, while in 1929 the number of this class of tie removed was 39,721 
and in 1930 to June 30th, approximately 40,000. The number of removals of 
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COlpKBATIVg STATKMSrJT OF CROSS TIE RESEUALS, 1908 to 1929 



laies 

Kunber 

Number of 

Percent 

Total 


All 

Of 

Treated 

Treated 

Ren avals 


rracka 

Tias 

Ties Put 

to Total 

Per laie 

Fiscal Years 

Qo orat ed 

Ronentad 

In Track 

Recsrals 

Of Trtusk 

1908 

1,1S8 

407,265 

140,149 

34.4 

351.7 

1909 

1,170 

487,053 

197,320 

41.7 

416.3 

1910 

1,196 

552,915 

201,699 

36.5 

462.3 

1911 

1,246 

538,141 

85,090 

15.8 

431.9 

1912 

1,2S1 

367,516 

44,060 

11.9 

293.7 

1913 

1,261 

442,563 

101,463 

22.9 

351.0 

1914 

1,273 

451,763 

147,927 

32.7 

354.9 

1915 

1,289 

455,684 

110,284 

24*2 

353.5 

1910 

1,289 

435,267 

126,830 

29.1 

337.7 

1917 

1,289 

420,881 

190,375 

45.2 

326.5 

1917 

M 

1,290 

310,038 

118,274 

38 

240.4 

1918 

1,290 

305,642 

85,794 

28.1 

236.9 

1919 

1,299 

354,891 

214,418 

60.4 

273.2 

1920 

1,302 

377,424 

221,025 

61.4 

289.9 

1921 

1,308 

404,949 

251,452 

62-1 

309-6 

1922 

1,303 

324,571 

167,541 

51.6 

249.1 

1923 

1,324 

299,882 

175,215 

58.4 

226.5 

1924 

1,345 

297,803 

206,759 

69.4 

221.4 

1925 

1,378 

209,161 

157,874 

75.5 

151.8 

1926 

1,389 

168,319 

155,863 

92.5 

121-2 

1927 

1,397 

177,950 

164,901 

92.7 

127.4 

1928 

1,410 

202,310 

197,880 

97.8 

143.5 

1929 

1,420 

201,809 

199,176 

98.7 

142.1 


treated ties will increase as time goes on, while the number of untreated ties 
removed wiU decline, as the percentage in track decreases. The decreases in 
removals of untreated ties should, in the next three to five years, more than 
offset the increases in removals of treated ties, after which time the number of 
renewals will decrease until the normal renewals for treated ties becomes estab- 
lished. It is now estimated that the ultimate rate of removal of treated ties 
will be approximately 120 ties per mile per year, or the equivalent of a 26 year 
life. While the data submitted herewith might be interpreted as indicating a 
longer average life than that, especially if the form of the curve of untreated 
ties is kept in mind while considering the curve for treated ties, it is also 
possible that the treated ties, being of more uniform diaracter due to the treat- 
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ment and the resulting primary failure from causes other than natural, will be 
found to have a more uniform length of life, with the result that the curve 
of removals in the later years will turn sharply upward instead of conforming 
to the general characteristics of the curves for untreated ties. This is a 
speculative point that only time can settle, but it wiU be watched with interest 
and reported upon from time to time. 

It should be pointed out that the decrease in tie renewals as shown in 
Table V has been accomplished under the condition of increasing speed limits 
of trains, the speed limits at the present time being more than twice as fast 
as eight to ten years ago. 

With the continued use of creosoted ties, the track men have learned how 
these ties should be handled prior to placement and also how to care better 
for them when in the track. Hot creosote is now being applied to all ties 
re-adzed, and tie tongs are universally used in pulling ties under the rail. 
These factors should increase the life of the ties. However, the increased 
speed of trains, wdth added impact and vibration, tends to offset these ad- 
vantages. 


Fig. 1. 

REPORT OF TIES PUT IN AND REMOVED FROM TRACK 

On During Month of 193. . , . 

(Division or District) 

The purpose of this report is to determine the life of ties, and only ties inserted or re- 
moved in making renewals should be reported. Do not show treated and untreated ties nor 
more than one kind of timber, on the same line. Report cross and switch ties used in re- 
newals only, excluding ties released in removal of tracks, displacement of cross-ties by switch 
ties in construction of new tracks, and similar work. Show totals by Roadmasters’ districts. 
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REPORT OF COMMITTEE XVII— WOOD 
PRESERVATION 


F. C- Shepherd, Chairman; 

C. F. Ford, Vice-Chairman; 

Wjss:. G. Atwood, 

M. F. Jaeger, 

R. S. Belcher, 

W. H. Kirkbride, 

Z. M. Briggs, 

W. T. MacCart, 

Walter Bxtehler, 

G. P. MacLaren, 

C. S. Bxjrt, 

F, D. Mattos, 

H. R. Condon, 

Clyde Osborne, 

C. C. Cook, 

J. H. Reeder, 

E. A. Crapt, 

L. J. Reiser, 

J. F. Donovan, 

L. B. Shipley, 

H. R. Dtjncan, 

0. C. Steinmayer, 

E. B. Folks, 

G. C. Stepbgenson, 

W. R. Goodwin, 

T. H. Strate, 

L. H. Harper, 

C. M. Taylor, 

L. B. Holt, 

Dr. H- von Schrenk, 

G. R. Hopkins, 

C. S. WiLTSEE, Jr., 

H. E. Horrocks, 

Galen Wood, 

R. S. Hubley, 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report cov'ering the fol- 
lowing subjects: 

(1) Service Test Records for Treated Ties (Appendix A). 

(2) Piling Used for Marine Construction (Appendix B). 

(3) Destruction by Termite and Possible Ways of Preventing Same 
(Appendix C). 

(4) Practicability of Boring Bridge and Switch Ties for Spikes before 
Treatment (Appendix D). 


Action Recommended 

1. That the information contained in Appendix A — Service Test Records 
for Treated Ties; Appendix B — ^Piling Used for Marine Construction, and 
Appendix C — ^Destruction by Termite and Possible Ways of Preventing Same, 
be accepted as information. 

2, That the conclusions in Appendix D — ^Practicability of Boring Bridge 
and Switch Ties for Spikes before Treatment, be approved for publication in 
the Manual. 

Respectfully submitted, 

The Committee on Wood Preservation, 

F. C. Shepherd, Chairman. 


Bulletin 332, December, 1930. 
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Appendix A 


(1) SERVICE TEST RECORDS FOR TREATED TIES 

W. R. Goodwin, Chairman, Sub-Committee; Z. M. Briggs, C. S. Burt, L. B. 
Holt, R. S. Hubley, G. P. MacLaren, W. T. MacCart, J. H. Reeder, 
T. H. Strate. 


The table of tie renewals per mile maintained on various railroads has 
been brought up to include renewals for 1929. 

Reports are submitted covering special test tracks on the Chicago, Burl- 
ington & Quinc>’, Chicago, Milwaukee, St. Paul & Pacific, Chicago & North- 
western, Great Northern, Rock Island, St. Louis & Southwestern and Soo 
Line (M., St. P. & S. S. M. Ry.). 

REPORT ON INSPECTION OF C., B. & Q. TEST TIES 
AFTER 20 YEARS’ SERVICE 

The e-xperimental tracks of the Chicago, Burlington & Quincy Railroad 
furnish one of the most interesting and valuable records of service of treated 
and untreated ties in this country. This railroad is one of the oldest users 
of treated ties, having begun their use some thirty years ago. The year 1907 
marks the beginning of their installation of treated ties on an extensive 
scale and around three million treated ties are now installed by them annually. 


Average Life of Untreated Ties (in years) 

Cottonwood .3.0 Red Gum 4.0 Tamarack 5.3 Hickory 5.8 

Tupelo Gum.. 3 .3 Hard Maple .4.8 Ash 5.4 Pin 0^ 6.6 

Sycamore — 3.4 Beech 5.0 Loblolly Pine 5.4 Cypress 7.2 

Red Birch ...3.9 Hemlock 5.2 Poplar 5.5 Chestnut 8.7 

Soft Maple ..3.9 Red Oak 5.2 White Elm ..5.6 White Oak ..10.8 

Several experimental test tracks were laid in 1909 and 1910 to obtain in- 
formation on the relative durability of ties of various species untreated and 
treated with standard preservatives. These tracks have been inspected regu- 
larly each year and the reports of these inspections are significant of the 
comparative value of various preservative treatments and of the ultimate 
economy of preservative treatment of ties. 

These ties were laid on twenty divisions in eight states, and all were 
placed out of face. Ties on the western lines were laid witR comparatively 
small tie plates, and on the eastern lines a considerable number were not 
equipped with tie plates when laid, but were tie-plated after three or four 
years’ service. 

The results of the 1929 inspection are given in the accompanying tables, 
taken from the annual report of H. R, Duncan, Superintendent of Timber 
Preservation. 
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Summary of 1929 Inspection of Crosstie Test Tracks 
C. B. & Q. R. R. Results of 20 Years* Service 


LINES EAST LINES WEST 




<1- 



I 


, 





^ G ^ ^ 






Process 



^ $ C3 

o 










— <3 


o 





^ ^ S ^ ^ S; 

K'TS S: o 

"S 


I§ 

1 

4.. 

& ^ 

S "S 

Creosote 

. 2,045 

669 

12 21 

1,236 

551 

12 


32 

Card 

.10,244 

6,332 

24 38 

5,593 

4,089 

27 


46 

Burnett 

. 1,578 

1,269 

SO 31 

909 

845 

43 


49 

Untreated 

. 2,045 

2,036 

90 9 

1,225 

1,221 

90 


9 

NOTE: These 

percentages 

include only the ties placed in vrhat are termed the 

thou- 

sand-tie lots on the 

various divisions. 










Ash Ties 






Creosote 

19 

16 

26 58 

16 

10 

25 


38 

Card 

289 

194 

15 53 

103 

74 

19 


53 

Burnett 

16 

11 

38 31 

15 

13 

33 


54 

Untreated 

70 

70 

99 1 

45 

45 

100 


... 



Beech Ties 






Creosote 

321 

52 

4 12 

162 

34 

2 


19 

Card 

807 

582 

35 37 

420 

341 

34 


47 

Burnett 

200 

167 

51 33 

105 

94 

50 


40 

Untreated 

134 

134 

98 2 

74 

73 

96 


3 



Birch Ties 






Creosote 

75 

24 

24 8 

59 

24 

14 


27 

Card 

715 

465 

30 35 

360 

255 

30 


41 

Burnett 

83 

83 

60 40 

30 

30 

43 


57 

Untreated 

139 

139 

100 

78 

78 

100 


... 



Chestnut Ties 






Creosote 


• . * 


. . . 


... 


. . . 

Card 

164 

158 

15 81 

89 

89 

6 


94 

Burnett 












Untreated 

169 

167 

34 M 

90 

90 

22 


78 



Cottonwood Ties 






Creosote 

88 

25 

1 27 

45 

13 

11 


20 

Card 

296 

184 

20 43 

160 

120 

19 


56 

Burnett 


. , . 

... 







— 

Untreated 

56 

56 

95 5 

30 

30 

100 


... 



Cypress Ties 






Creosote 

25 

3 

12 

29 

18 

41 


21 

Card 

409 

248 

9 52 

254 

181 

23 


48 

Burnett 

25 

13 

8 44 

30 

28 

43 


50 

Untreated 

135 

132 

78 20 

90 

89 

88 


11 



284 


Wood Preservation 


Summary of 1929 Inspection of Crosstie Test Tracks 
C. B. & Q. R. R. — Continued 


LINES EAST 


LINES WEST 


Process 

va 

ft. 

'^3 

CS 

§ 

1 § 


u 

o 

e 

fts 

o 

§ 

1 

Si S 


'a 

ca 


Per Ce 
moved 
decay 

V, 

S o 

3 

Total 
.to dat 

Per ce 

moved 

decay 

Per ce 

moved 

other 

Creosote 

20S 

54 

Elm Ties 

15 12 

120 

37 

7 

23 

Card 

594 

295 

IS 

31 

371 

214 

23 

35 

Burnett 

224 

145 

42 

22 

73 

66 

55 

36 

Untreated . . . . 

113 

113 

93 

7 

78 

78 

96 

4 


Hemlock Tees 


Creosote 

136 

85 

24 

39 

99 

66 

19 

47 

Card 

816 

555 

23 

45 

488 

413 

35 

50 

Burnett 

125 

92 

38 

25 

87 

77 

32 

56 

Untreated 

112 

112 

100 


78 

78 

99 

1 


Hickory Ties 


Creosote 

10 

2 

10 

10 

15 

6 

7 

33 

Card 

185 

153 

29 

54 

105 

88 

39 

25 

Burnett 

9 

3 

... 

33 

15 

14 

47 

47 

Untreated 

65 

65 

91 

9 

45 

45 

100 

... 


Pine Ties, 

Loblolly or Sap 




Creosote 

..,'...145 

47 

6 

27 

72 

49 

17 

51 

Card 

949 

526 

26 

29 

386 

293 

24 

52 

Burnett 

128 

125 

73 

24 

72 

69 

45 

51 

Untreated 

157 

157 

99 

1 

91 

91 

100 

... 



Hard Maple Ties 





Creosote 

82 

17 

13 

7 

34 

16 

3 

44 

Card 

561 

274 

22 

27 

272 

189 

28 

41 

Burnett 

SO 

30 

36 

24 

IS 

15 

87 

13 

Untreated .... 

76 

76 

97 

3 

45 

45 

100 




SopT Maple Ties 





Creosote 

139 

77 

30 

25 

62 

28 

21 

24 

Card 


333 

37 

35 

264 

166 

19 

44 

Burnett 

125 

121 

66 

31 

57 

55 

35 

61 

Untreated .... 

82 

82 

100 

... 

43 

43 

95 

5 



White Oak Ties 





Creosote 

25 

2 


8 

15 

9 

20 

40 

Card 

234 

171 

33 

40 

152 

125 

26 

56 

Burnett 

28 

23 

61 

21 

15 

15 

40 

60 

Untreated 

81 

78 

85 

11 

44 

43 

80 

18 
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Summary of 1929 Inspection of Crosstie Test Tracks 
C. B. & Q. R. R. — Continued 


LINES EAST LINES WEST 




"53 




"g 






-55 


I 25 

> 

"53 




, 


Process 

53 

s: 


CS 

V. U 

*13 O 53 

s; 


s 











VJ 





o 


S *53 S cs 

(3 

O 

S'® 

* « 
o 5^ 

5a ^ 

? C5 



Red Oak Tees 







Creosote 

165 

41 

4 

21 

120 

50 


12 


30 

Card 

776 

426 

16 

39 

508 

424 


31 


53 

Burnett 

158 

119 

44 

31 

116 

104 


38 


52 

Untreated 

129 

129 

96 

4 

75 

74 


92 


7 



Pin Oak Ties 







Creosote 

189 

43 

6 

17 

132 

28 


8 


14 

Card 

513 

209 

13 

27 

321 

197 


19 


42 

Burnett 

23 

7 

17 

13 

44 

41 


30 


64 

Untreated 

81 

80 

•96 

3 

45 

45 


96 


4 



Poplar Ties 







Creosote 

SO 

16 

8 

24 

30 

24 


17 


63 

Card 

396 

312 

31 

48 

253 

210 


34 


49 

Burnett 

50 

39 

46 

32 

30 

30 


57 


43 

Untreated 

81 

81 

93 

7 

45 

45 


98 


2 



Red Gtjm Ties 







Creosote 

89 

50 

22 

34 

48 

30 


23 


40 

Card 

429 

242 

25 

31 

233 

142 


30 


31 

Burnett 

75 

72 

64 

32 

43 

41 


70 


26 

Untreated 

98 

98 

97 

3 

54 

54 


98 


2 



Sycamore Ties 







Creosote 

75 

18 

13 

11 

IS 

2 


• • « 


13 

Card 

399 

213 

37 

16 

121 

107 


61 


27 

Burnett 

75 

72 

80 

16 

15 

15 


80 


20 

Untreated 

81 

81 

98 

2 

SO 

50 


96 


4 



Tamarack Ties 







Creosote 

106 

52 

7 

42 

108 

81 


14 


61 

Card 

813 

606 

20 

55 

496 

401 


29 


52 

Burnett 

108 

81 

31 

44 

106 

97 


27 


65 

Untreated 

98 

98 

96 

4 

77 

77 


100 





Tupelo Gum Ties 







Creosote 

98 

45 

18 

28 

54 

26 


15 


33 

Card 

437 

186 

13 

30 

237 

60 


11 


14 

Burnett 

76 

66 

40 

47 

41 

41 


61 


39 

Untreated 

88 

88 

99 

1 

48 

48 


98 


2 
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GREAT NORTHERN RAILWAY 



Record of Test Ties 



Belt to Gerber, Montana 




Butte Division 




(Ties treated 1910 — ^Track laid Spring of 1911) 










g 

V. o 



Kind of Ties 





s,.S 

2“ 


i| 

1-^ 

S*s 

..Q ^ 

S & S2 
^ S 



fe; o 


^ ss 3 



Untreated Ties — (V arious types and timbers) 


Pine — Sawed Triangular . . , . 

2010 

None 

2010 

100 


Pine — Slabbed 

1145 

None 

1145 

100 


Tamarack — Sawed Triangular 

1836 

None 

1836 

100 


Tamarack — Sawed Square 

1277 

None 

1277 

100 


Tamarack — Slabbed 

1236 

None 

1236 

100 


Fir — Sawed Triangular 

1978 

None 

1978 

100 


Fir — Slabbed 

1340 

None 

1340 

100 


Total 

10822 

None 

10822 

100 

7.5 Years 

4 Per Cent Zinc Chxoride 

Treatment — ( 54 lb. per cu. 

ft.) 

Pine-Sawed Triangular 

1974 

262 

1712 

87 

16 

Pine-Sawed Square 

1327 

130 

1197 

90 

IS 

Pine-Hewed 

3328 

478 

2850 

86 

16 

Tamarack-Sawed Triangular. . 

1887 

322 

1565 

83 

16 

Tamarack-Sawed Square 

1318 

328 

990 

75 

17 

Tamarack-Slabbed 

. 1273 

767 

506 

40 

21 

Fir-Sawed Triangular 

. 1635 

410 

1225 

75 

117 

Fir-Sawed Square 

. 928 

180 

748 

80 

17 

Fir-Slabbed 

. 1286 

409 

877 

68 

18 

TOTAL 

.14956 

3286 

11670 

78 

17 

6 Per Cent Zinc Chloride 

Treatment lb. 

per cu. ft.) 

pine- Sawed Triangular 

. 2004 

521 

1483 

74 

17 

Pine-Sawed Square 

. 1367 

189 

1178 

86 

16 

Tamarack-Sawed Triangular . 

. 2084 

1223 

861 

41 

21 

Tamarack-Slabbed 

. 1433 

812 

621 

43 

21 

Fir-Sawed Triangular 

. 1988 

405 

1583 

80 

17 

Fir-Sawed Square 

. 819 

195 

624 

76 

17 

Fir-Slabbed 

. 1274 

358 

916 

72 

18 

TOTAL 

.10969 

3703 

7266 

66 

18 

Creosoted Ties (12 lb. per cu. 

ft. treatment) 


Fir-Hewed 

, 2938 

None 

2938 

100 


Fir-Square Sawed 

. 3453 

184 

3269 

95 

14 

TOTAL 

. 6391 

184 

6207 

97 

13 


Summary 




Untreated 

,10822 

None 

10822 

100 

7.5 

4% Zinc Chloride 

.14956 

3286 

11670 

78 

17 

6% Zinc Chloride 

. 10969 

3703 

7266 

66 

18 

Creosoted 

. 6391 

184 

6207 

97 

13 

TOTAL 

.43138 

7173 

35965 

83 

16 
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Note — ^The Fir ties treated with Creosote received no air seasoning but 
were artificially seasoned by steaming before treatment. These Creosoted ties 
began early to check and split badly and went all to pieces, there being no 
sign of decay on any part of the tie when removed. In 9 years service 90 per 
cent of the Creosoted ties had to be removed from track. The fibre of the 
wood no doubt was destroyed due to excessive steaming before treatment. 


MINNEAPOLIS, ST. PAUL & SAULT STE. M.\RIE RAILWAY 
COMPANY 

“Soo Line” 

In September, 1927, the Soo Line Railway installed a Test Track at 
Waukesha, Wis. The test consists of Maple, Beech, Yellow Birch, WTiite Birch, 
Red Oak, and Elm ties. Each variety of timber has ISO ties treated with 6 
Ib. of AJRJEA.. No. 1 Creosote and the same number treated with lb. 
of Zinc Chloride per cubic foot. All ties were adzed and bored before treat- 
ment, and are laid under 100 lb. rail and tie plated. There are also in this 
test ISO ties each of Yellow Birch, Beech and Red Oak treated ties -ndth 8 
lb. per cubic foot of No. 1 Creosote, and ISO ties each of Maple, Elm and 
White Birch with 9 lb. per cubic feet of No. 1 Creosote. 


ROCK ISLAND LINES 


SPEcaui Report or Ties in Test Sections — ^Faix Inspection 1929 
Creosoted Ties “Rueping” Process — ^1908 to 1912 Inclusive 


Divisions 

Location 

E3nd 

of 

Ties 

Year 

Numbei 

r of Ties 


Av. 

Life 

Yrs. Bind 
1929 

Estimat' 
ed Av. 
life 
Yn.* 

Inserted 

Remain- 
ing in 
Trade 

Okla. So 

Okarche, Okla. 

Gum 

1912 

203 

160 

26 

16.7 

20.9 

TT.l P Am 

■nalhurt. Ter. 

Pine 

1912 

670 

431 

24 

16.0 

21.2 

Arlr. Ta- 

Ola, Ark. 

Pine 

1912 

1,262 

773 

38 

16.9 

19.S 

P. H. I. T 

Yukon, Okla 

Pine 

1912 

1,679 

376 

76 

14.1 

16.6 

Okla. So 

Chico, Tex. 

Pine 

1912 

946 

726 

23 

16.1 

21.5 

Total 


Pine 

1912 

4,347 

1 2,306 

47 

15.3 

18.4 


* Esrtamated average life based on Forest Products Iiaboratory Curve. 

Note: “Reuping” treated ties covered by this r^ort were more or less damaged by railwear prior to the 
application of rie plates. 


Conclusion 

It is recommended that this report be accepted as information and the 
subject continued. 











Percent ties defective — 
Percent ties taken out... 
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ROCK ISLAND LINES 


Special Report op Ties in Test Sections — Fall Inspection 1939 
Creosoted Ties “Rtteping” Process — 1908 to 1912 Inclusive 




Kind 

of 

Ties 


Number of Ties 

Per 

Cent 

Re- 

moved 

Av. 

Life 

Yrs. End 
1929 

Estimat- 
ed Av. 
life 
Yrs.* 

Divisions 

Location 

Year 

i Remain- 
Inserted ing in 
' Track 

K1 p. Am. 

McLean, Tex. 

Gum 

1908 

264 

112 

57 

18,1 

20.4 



Ft, p Am- 

McLean, Tex. 

Pine 

1908 

1,819 

710 

568 

68 

17.3 

mmm 


Chico, Tex 

Pine 

1908 

307 

56 

17.1 

21.6 





Pine 

1908 

2,529 

875 

65 

17.2 

20.5 



Ark. T .n 



1909 

728 

266 

63 

17.6 

19.8 

P IT T- T. - 


R. Oak 

1909 

649 

132 

79 

16.9 

18.1 



Total 


R. Oak 

1909 

1,377 

398 

71 

17.3 

18.9 





Gum 

1909 

76 

24 

68 

16.7 

19.2 



Gum 

1909 

385 

SO 

79 

14.9 

18.1 

P. H. I. T 

Olda. So 



1909 

546 

353 

35 

18.7 

23.2 

Okarclie, Okla 

Gum 

1909 

71 

45 

36 

19.1 

23.2 



Total 


Gum 

1909 

1,078 

502 

53 

17.2 

21.0 




Ajk. La 

Ola, Ark. - 

Pine 

1909 


285 

76 

16.4 

18,3 




1909 

1,324 

1,586 

380 

182 

86 

15.0 


P. H. I. T 


Pine 

1909 

200 

87 

14.5 



Pine 

1909 

63 

83 

15.8 


nirin Sn. 


Pine 

1909 

2,386 

1,119 

63 

16.8 

19 




Total 


Pine 

1909 

6,688 

1,799 

73 

15.8 

18.6 









R.Oak 

1910 

1,237 

68 

704 

43 

17.7 

21.1 

Ark, 


R.Oak 

1910 

29 

57 

16.4 

19.3 






Total-- 


R. Oak 

1910 

1,305 

733 

43 

17.6 

21.1 







ArV T.a 


Gum 

1910 


13 

83 

13.6 

16.8 

Ofcla, So 


Gum 

1910 

78 

45 

33 

18.4 

21.8 








Total 


Gum 

1910 

153 

68 

62 

15.9 

19.0 








TTanttna _ _ 


Pine 

1910 

601 

269 

46 

17.9 

20.8 

Ark. J A. 


Pine 

1910 

480 

61 

86 

15.1 

16.5 

Art. T-,a. . _ . 


Pine 

1910 

1,861 

1,003 

749 

180 

90 

13.7 

15.1 

P. H. I. T 


Pine 

1910 

360 

64 

16.3 

18.6 

nWn Rn 


Pine 

1910 

399 

46 

17.3 

20.8 








Total 


Pine 

1910 

4,544 

1,269 

72 

; 15.4 

17.7 

Kansas 

Topeka, Ean. 

R. Oak 

1911 

864 

465 

46 

16,4 

19.7 

FI F Am 

McLean, Tex- 

R. Oak 

1911 

617 

892 

24 

17.4 

22.5 

Ark- Tji_ 

Ola, Ark. 

R. Oak 

1911 

42 

18 

67 

16.8 

18.3 

P. H. I. T 

Okla. So 

Vnkftn^ Okla. 

R. Oak 

1911 1 

416 

55 

86 

14.7 

16.6 

Okarche, Okla 

R. Oak 

1911 i 

149 

108 

27 

17.1 

22.2 

Total 


B. Oak 

1911 

1,988 

1,038 

48 

16.3 

19.5 

Ark T.a 

Ola, Ark 

Gum 

1911 

65 

24 

63 

15.7 1 

17.8 

Okla. So 

Okardie, Okla. 

Gum 

1911 

146 

94 

35 

17.4 

20.9 

Total 


Gum 

1911 

215 

118 

45 

16.9 

19,7 


Topeka, Kans.--- 1 

Pine 

1911 

180 

HESS 

39 

17.3 

20.4 

Ark. Tjl 

Ola, Ark. 

Pine 

1911 ! 

4,406 

704 

84 

16.4 

15.8 


LecAa, Ark. 

Pine 

1911 

277 

33 

88 

14.0 

15.3 

P. H. I. T 

nWa. Rq. 

VnkoTi, Okla. 

Pine 

1911 

1,406 

401 

71 

14.9 

16.9 

Okarche, Okla. 

Pine 

1911 

977 

427 

56 

16.0 

18.5 

Okla, So 

Chico, Tex 

Pine 

1911 

1,054 

1,290 

37 

16.5 

20.6 

Total 


Pine 

1911 

9.300 

2,964 

68 

15.6 

17.3 


McLean, Tex 

R.Oak 

1912 

152 

88 

42 

14.8 

19.1 

15.1 

P. H. I. T 

Yukon, Okla— 

R. Oak 

1912 

378 

69 

81 

14.5 


Total. 


R.Oak 


1912 


16.1 
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ROCK ISLAND LINES 

Special Report of Ties in Test Sections— Fall Inspection 1929 
Creosoted Ties “Lowry” Process (1907 to 1912 Inclusive) 


Divisions 

Location 

Kind 

of 

Ties 

Year 

Numbe 

r of Ties 

Per 

Cent 

Re- 

moved 

Av. 

Life 

Yrs. End 
1929 

Estimat- 
ed Av. 
Life 
Yrs.* 

Inserted 

Remain- 
ing in 
Track 



R Oak 

1907 

345 

246 

28 

20 9 

27.5 



Gum 

1907 

99 

59 

40 

19.4 

25.0 


Tiskilwa, lU 

R. Oak 

1908 

514 

203 

61 

18.3 

20.7 



R. Oak 

1908 

477 

342 

28 

19.7 

26.2 

C. R. liinn 

Ely, la— 

R. Oak 

1908 

1,178 

726 

38 

18.8 

24.1 


Clarksville, la. 

R. Oak 

1908 

1.641 

999 

38 

19.5 

24.1 



R. Oak 

1^8 

149 

86 

42 

18 .’9 

23.5 



R. Oak 

1908 

215 

70 

67 

16.8 

20.1 



R. Oak 

1908 

502 

376 

25 

19.9 

26.9 


Goodland, Kaas 

R. Oak 

1908 

87 

83 

4 

20.9 



Total 

R, Oak 

1908 

4,763 

2,884 

39 

19.1 

24.1 


Tiskilwa, 111 

Gum 

1908 

71 

22 

69 

16.0 

20.0 

Missouri 

E. i>es Moines, la. . 

Gum 

1908 

99 

66 

83 

18.6 

25.9 




1908 

391 

186 

52 

17.2 

22.1 


Clarksville, la. 

Gum 

1908 

95 

54 

43 

18.8 

23.3 




1908 

887 

657 

26 

19.4 

26.5 

Neb. Colo.- 

Pairbury, Neb. 

Glim 

1908 

114 

50 

56 

18.7 

21.6 


Total 

Gum 

1908 

1,657 

1,035 

37 

18.6 

24.4 



R. Oak 

1909 

1,340 

760 

43 

18.3 

22.2 



R. Oak 

1909 

1,445 

Iji7 

19 

18.6 

27 0 


Ely, la.'- 

R. Oak 

1909 

1 971 

691 

29 

18.8 

24^ 


Clarksville, la 

R. Oak 

1909 

1,690 

1,160 

27 

18.9 

26.0 



R. Oak 

1909 

' 399 

249 

38 

17.8 

22 9 

Neb. Colo 

Fairbuiy, Neb 

R. Oak 

1909 

821 

284 

11 

19.6 

** 


Goodland, Kans. 

R, Oak 

1909 

1,118 

1,076 

3 

19.8 

** 

Kans- - , 

Topeka, Eans 

R. Oak 

1909 

1 921 

608 

44 

18.5 

21.9 


Total-- 

R. Oak 

1909 

8,105 

5,895 

27 

18.8 

25.0 

TniTi™" 

Tlsilrniwi^ TIL 

Gum 

1909 

58 

35 

39 

18.3 

22.9 

Tftw*^ _ . 

AltnoTia^ Ia__ . _ . 

Gum 

1909 

63 

59 

4 

19.7 


Missouri 

E. Des Moines, la. . 

Gum 

1909 

596 

265 

56 

17.5 

20.6 

C. R. Minn 

Ely, la. 

Gum 

1909 

126 

69 

45 

17.9 

21.9 

Dakota 

West Bend, la 

Gum 

1909 

539 

444 

17 

19.1 

♦♦ 


Total 

1 Gum 

1909 

1,382 

872 

87 

18.4 

23.2 

Missouri 

E. Des Moines, la. . 

Pine 

1909 

364 

186 

49 

18.4 

21.5 

C. R. Minn 

Ely, la—- 

Pine 

1909 

214 

164 

23 

18.8 

25.9 

Neb. Colo. 

Goodland, Kans. 

Pine 

1909 

136 

132 

3 

19.6 


EL P. Am 

Dalhart, Tex — 

Pine 

1909 

165 

137 

17 

19.2 



Total 

Pine 

1909 

879 

619 

29 

18.8 

24.6 

Tllinnis 

Tiskilwa, 111. 

R. Oak 

1910 

2,860 

2 oil 

29 

18.0 

23.5 


Alf^TlfL Tft. 

R. Oak 

1910 

^583 

546 

g 

isis 

** 

C. R. Minn. 

Ely, la. 

R.Oak 

1910 

2 343 

1 866 

20 

17*9 

25.6 


Cluksville, la 

R.Oak 

1910 

11473 

lll98 

18 

1814 


Missouri------- 

Princetoii, Mo. 

R.Oak 

1910 

997 

605 

89 

16.9 

91 A 

Neb. Colo. 

FstTbiiry, Nfih. . 

R. Oak 

1910 

1,721 

1 524 

n 

isis 

Ai. • 0 

4ek 

St. Xu KCT 

EUdon, Mo. - 

R. Oak 

1910 

4*129 

3*006 

27 

18*1 

23.7 

Eans.- 

Topeka, Kans 

R. Oak 

1910 

'437 

*229 

47 

17!6 

20 ie 


Total 

R.Oak 

1910 

14,543 

10,984 

24 

18.1 

24.6 

Missouri 

E. Des Moines, la. _ 

Gum 

1910 

299 

131 

56 

16.6 

19.5 

C. R. Minn 

Ety, la. 

Gum 

1910 

159 

99 

88 

17.0 

21.8 

Dakota 

West Bold, la 

Gum 

1910 

279 

267 

4 

18.4 

** 


Total 

Gum 

1910 

737 

497 

31 

17.4 

22.9 


* E B t amated averaje life based on Forest Products Laboratory Curve. 

*♦ Estimated aveimge life cannot be detemined by carve when renewals to date are less than twenty per cent. 
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ROCK ISLAND LINES 


Special Report oe Ties m Test Sections— Fall Inspection 1929 
Creosoted Ties “Lowry” Process (1907 to 1912 Inclusi\'e) 


Divisions 

Location 

Kind 

of 

Ties 

Year 

Number of Ties 

Per 

Cent 

Re- 

moved 

' Av. 
Life 

Yrs. End 
1929 

Estimat- 
ed Av. 
Life 
Yrs.* ** 

Inserted 

Remain- 
ing in 
Track 

Missouri 

E. Des Moines, la.. _ . 

Pine 

1910 

155 

116 

25 

18.0 

24.3 


Ely, Tft. 


1910 

108 

78 

28 

17.fi 

2SJj 


West Bend, la 

Pine 

1910 

67 

54 


18.3 

' >f* 

■KfoK, r.nln. 

Fairbuiy, Neb. 

Pine 

1910 

231 

219 


18 8 

if* 


Goodland, Kans 

Pine 

1910 

727 

707 

3 

18.9 

** 

Kansas 

Topeka, Kans. 

Pine 

1910 

256 

152 

40 

17.5 

21.6 


Total 

Pine 

1910 

1.534 

1,326 

13 

18.5 

** 


Tiskilwa, 111 

R. Oak 

1911 

1,099 

835 

24 

17.2 

23.3 


Altoona,*Ia. 

R. Oak 

1911 

763 

726 

5 

17.7 

** 


Princeton, Mo 

R. Oak 

1911 

1,803 

1,436 

20 

17.3 

24.3 

C. R. Minn. 

Ely, Ia.-J 

R. Oak 

1911 

2,256 

i;999 

11 

17.5 

** 


BenH, Ifl_ 

R. Oak 

1911 

89 

79 

11 

17.6 

** 

TMaH. Cftln- 

Fftirhury, Neb._ 

R. Oak 

1911 

51 

47 

7 

17.7 

** 


Goodland, Kans—-.. 

R. Oak 

1911 

105 

105 

0 

18.0 



Total 

R. Oak 

1911 

6,166 

5,227 

15 

17.4 

** 


Altoona, la...... 

Gum 

1911 

299 

270 

9 

17.7 

** 


Prinoeton Mn. 

Gum 

1911 

707 

523 

26 

16.3 

22.7 

r. ft. Minn. 

Ely, la...' 

Gum 

1911 

344 

272 

21 

17.4 

24.0 

Neb. Colo. 

F^buxy, Neb 

Gum 

1911 

67 

33 

50 

15.6 

19.1 


Total 

Gum 

1911 

1.417 

1,098 

22 

16.8 

23.6 


Tiskilwa, HI. 

Pine 

1911 

67 

42 

37 

15.8 

20.9 

Missouri 

E. Des Moin^, la. . 

Pine 

1911 

56 

89 


16.8 

21.9 

C. Ti.. Minn. _ 

Clarksville, la, 

Pine 

1911 


951 

6 

17.8 


Dakota 

West Bend, la. 

Pine 

1911 

812 

767 

5 

17.7 

** 

KTph Tnln 

Pairhiiry, Neb. . 

Pine 

1911 

1.496 

1,391 

6 

17.6 

** 


Goodland, Kans 

Pine 

1911 

■1^31 

1,508 

6 

17.8 

** 

Kansas 

Topeka, Kans.. 

Pine 

1911 

146 

_|i 

11 

16.8 

** 


Total 

Pine 

1911 

5,193 

4,828 

10 

17.7 

** 

Illinois. 

Tiskilwa, 111. 

R. Oak 

1912 

194 

150 

22 

16.0 

22.3 

Iowa 

Altoona, la. ... 

R.Oak 

1912 

750 

663 

11 

15.9 

** 

Missouri- 

Princeton, Mo. — 

R.Oak 

1912 

331 

193 

41 

13.6 

19.3 


E. Des Moines, la. . 

R. Oak 

1912 

5.449 

5,283 

8 

16.8 

** 

C, R. Minn 

Ely, la. 

R. Oak 

1912 

465 

436 

6 

16.8 

** 

Neb. Colo. 

Goodland, Kans..... 

R.Oak 

1912 

83 

82 


16.9 

** 

St. LKCT 

Eldon, Mo 

R, Oak 

1912 

2,416 

2,235 

8 

17.6 



Total 

B. Oak 

1912 

9,688 


6 

16.6 

** 

Ulinois- 

Tiskilwa, III. 

Gum 

1912 

676 

591 

13 

16.5 

** 

Missouri 

1 E. Des Moines, la. . 

Gum 

1912 

1,253 

■SEEl 

17 

16.8 

** 

C- R. Minn. 

1 Ely, la 

Gum 

1912 

1.232 

1,020 

17 

16.3 

** 


Total 

Gum 

: 1912 

3.161 

2,649 

16 

16.4 

** 

C. R- Minn. 

Ely, Tft. 

Pine 

1912 

345 

SOS 

11 

16.7 

** 


Clarksville, la. 

Pine 

1912 

msmm 

979 

5 

16.8 

** 

Dakota 

W<^t Bend, Ta_ , _ 

Pine 

1912 

711 

686 

3 

16.8 

** 

Neb. Colo. 

Faribury, Neb. 

Pine 

1912 

1,370 

1,293 

6 

16.8 

** 


Goodland, Kans 

Pine 

1912 

536 

513 


16.8 

** 

KsnoAs 

Topeka, Kans, 

Pine 

1912 

258 

188 


15.2 

18.4 

Dalhart 

DaSbart, Tex. 

Pine 

1912 

278 

253 

■9 

16.6 



Total 

Fine 

1 1912 

4,535 

4,179 

8 

16.7 

** 


* Estimated average life based on Forest Products Laboratory Cuayew , 

** EatiTnftf-.prl average life cannot be determined by carve when renewals to date are less than twenty per cent. 
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Appendix B 

(2) PILING USED FOR MARINE CONSTRUCTION 

Wm. G. Atwood, Chairman, Sub-Committee; C. C. Cook, H. R. Condon, 
E. A. Craft, Andrew Gibson, L. H. Harper, H. E. Horrocks, W. H. 
Kirkbride, G. C. Stephenson. 

The Sub-Committee submits its report on the recent inspections of long 
time test pieces prepared by the Chemical Warfare Service, some of its own 
members, and other co-operators. There is also included miscellaneous in- 
formation and service records received from sources outside the Association 
and an abstract of the Tenth and Eleventh Interim Reports of the “Sea 
Action Committee” of the Institution of Civil Engineers of England. This re- 
port is submitted as information. 

1. Tropical Timber. 

Ancelique (Dicorynia paraensis, Benth) 

Florida East Coast Ry. 

St. Augustine, Fla. — ^Test piece lost. 

Southern Pacific Company 

Galveston, Texas — ^Test piece lost. 

Panama Canal 

Balboa, C.Z, Submerged Sept. 13, 1923. Wood is comparatively 
sound, but has been attacked by Limnoria and shows some teredo 
holes. 

Manbarkiak (Lecythis ollarin, L) 

Florida East Coast Ry. 

Key West, Florida. Submerged August S, 1923. The limnoria at- 
tack previously reported, has continued. The bottom of the test 
piece has been eroded to a depth of about 3 in. and the sides about 
1^ in. 

Southern Pacific Company 

Galveston, Texas — ^Test piece lost, 

Panama Canal 

Balboa, C.Z. Submerged Sept. 13, 1923. There appears to be 
more teredo holes than were found at the inspection of last year, but 
the wood is still quite sound. 

Gkeenheart (Nectanda rodieoi, Schomb) 

Panama Canal 

Balboa, CZ. Submerged Sept. 13, 1923. More teredo holes in evi- 
dence than at 1929 inspection but wood still fairly sound. 

Turpentine Wood (Syncarpia laurijolia, Tenore) 

U.S. District Engineer, Charleston, S.C. 

Submerged at Castle Pinckney, S.C., June 24, 1926. Teredo at- 
tack on the surface but wood sound otherwise. 

Naval Air Station, Pensacola, Fla. 

Submerged July 19, 1924. Teredo attack on the surface and some 
shallow holes probably made by martesia though none of these 
animals were found. Heartwood sound. 

Pa n a m a Canal 

Balboa, C.Z. Submerged Aug. 19, 1929. One specimen shows very 
light attack while the other has many more teredo holes in both 
sides and end. Decidedly heavier attack than was found in 1929. 

PANAMA CANAL 

Through the courtesy of Col, Harry Burgess, Governor of the Panama 
Canal Zone we are able to present the following report on the tests being 
made of various tropical timbers which have been reported to be resistant to 
marine borer attack. 
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Practically every sample had considerable marine growth, consisting of 
barnacles, worm-tubes, eggs of moUusks, bryozoans, and the bulk consisting 
of the following moUusks; Crepidula squama lessoni, C. aculsata, C. onyx, 
Crucibulum spinosum, Anomia peruviana and some Ostreidas. 

It is remarkable that none of the samples were without teredos, not even 
those that a year ago were in healthy condition. As is to be expected, some 
were less attacked than others, 

One sample, Kolaka (rack 19} was not located and it would appear that 
it broke off from the chain. If possible it should be found and returned to 
the test. 

All of the treated timbers, Ac-Zol, Montan Wax and creosoted apitong, 
were badly infested. One of the Ac-zol was closed out and the other, al- 
though heavily infested, was returned to the test. All of the Montan Wax 
treated and the creosoted apitong were closed out. In addition, Huon Pine 
and Mongon were closed out. I have no record as to amount of creosote in 
the apitong. 

In addition to Neobankia zeteki, another species of Teredo was found 
which I will have to study and report upon later. It does not appear to be 
any of the known species of this area and may be new. Its pallets are un- 
usually large. 

Anoura (Dutch Guiana, size 8" x 8" x 24", rack No. 2, submerged Sept. 
13, 1923). There are more teredo holes than last year, more work by both 
teredo and gribble. Some of the teredo holes are 54 i^ch diameter. It is 
worse than the greenheart. 

Foengo (Dutch Guiana, size 8" x 8" x 24", rack No. 4, submerged Sept. 
13, 1923), There are many more teredo holes on all sides and bottom than 
were seen last year, but the wood is quite sound. 

Spence Hordoe (Dutch Guiana, size 8" x 8" x 24", rack No. 5, submerged 
Sept. 13, 1923). Not much marine growth except many barnacles on bottom. 
Several large teredo burrows, some 54 diameter, on all sides and end. 

iNGi Bareli (Dutch Guiana, size 654" x 7" x 24", rack No. 6, submerged 
Sept. 13, 1923). The end has many barnacles also many teredo holes. There 
are many more teredos on aU sides than a year ago, pallets frequently seen, 
but the wood is still quite' sound. 

Malabavabas (Philippine Islands, size 12" x 12" x 13", rack No. 9, sub- 
merged Sept. 13, 1923). The wood is sound, the end and sides have much 
marine growth and many teredo holes, but these are so far small. 

Apitong Creosoted (Philippine Islands, 8" x 6" x 3", rack No. 10, 
submerged Sept. 13, 1923). This is a small sample, and I do not know 
whether it was pressure treated or brushed, and if by pressure whether con- 
siderable retention of creosote took place. Certainly the gribble and teredo 
fotmd the creosote and the wood suitable, for the sample was completely 
riddled by teredo and the surfaces eaten by gribble. Some of the teredo were 
54" and diameter. I found also a few bivalves, Martesia sp- Will re- 
port on the specific name later on. This sample was CLOSED, that is, re- 
moved from the tests. 

Kajoi. Lara (Celebes, size 654" x 654" x 30", rack No. 11, submerged 
Oct. 26, 1925). The inside af^pears to be sound. Many small teredo holes on 
all sides, more than last year. Gribble negligible. Much marine growth on 
end. 
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Kajol Malas (Sumatra, siiie 6" x 6" x 30", rack No. 12, submerged 
Oct. 26, 1925). Inside appears to be sound but there are more teredos than 
last year and some gribble. Much marine growth at ground eng. 

Kolaka (Celebes, size 6J4" x x 30", rack No. 19, submerged Oct. 
26, 1925). Broken off from chain, do not know when because the chain had 
nothing attached to it. 

Yellow Pine — ^Montax Wax Treatjeid (U.SA., size 5 samples each 
lv^ 4 " X 4" X 16", rack No. 20, submerged Oct. 19, 1927). 5 samples treated 

as follows: 

A-1 containing 93 per cent by -weight of 50 per cent Montan wax 
and SO per cent creosote. 

A-S containing 80 per cent by weight of 60 per cent Montan wax 
and 40 per cent creosote- 

A-7 containing 30 per cent by -weight of 40 per cent Montan -wax 
and 60 per cent creosote. 

A“8 containing 62 per cent by weight of Montan wax. 

A-9 an untreated control piece. 

A-1, A-5, A-7, A-8 all had much marine growth. In A-1 were only two 
teredos and the wood was darker than that of the other three. This sample 
\vas the best of the four. A-5 had six teredos, 54 iiich diameter, and a 
Martesia sp., A-7 had many teredos, inch diameter, and several Martesia 
sp., A-8 was well riddled with teredos, and had several Martesia sp. 

A-9 showed much damage from gribble and was riddled by teredos. It 
also had one Martesia sp. 

All samples dosed out. 

Alcornoq-ue (Panama, size 6"x6"xS3", rack No. 14, submerged Nov. 22, 
1927). Much marine gro-wth on sides and end, few small teredo holes on 
sides and end. Wood very sound and appears to be all heartwood. 

Red Satinway (Queensland, size 6"x6"x24", rack No. 21, submerged 
April 19, 1929) . The end has many teredos some 54 inch diameter, sides have 
very many teredo holes, some over 54 inch diameter, and apparently going in 
deep, I did not cut into the wood. 

Brush Box (New South Wales, size 6" x 6" x 24", rack No. 22, sub- . 
merged April 19, 1929). It has several teredo holes on sides and end, how- 
ever not bad as yet. No gribble work. 

Yellow Pine — Ac-Zol Treated (UBA., size 6" diam. x 30" long, rack 
No. 23, submerged April 19, 1929) . Considerable surface destruction by gribble 
and very many teredo holes, 54 inches diam. Inside is evidently well riddled 
as can be told by tapping the wood with a hammer. No doubt a year from 
now it -will be closed out. 

Yellow Pine~Ac-Zol Treated (U.SA., size 6" dia. x 30" long, rack 
No. 24, submerged April 19, 1929). As above, but worse. Much marine 
gro-wth as well. Gribble very bad. When hit with hammer, sound was 
**spongy.” Was closed. 

Huon Pine (Tasmania, size 8"x8"x24" rack No. 28, submerged April 
14, 1929). I counted fully 80 teredo holes on one side, pallets sticking out, or 
being moved in and out. Completely honeycombed, especially large teredos, 

Yz indi to % inch diameter tubes, both species. Many Martesia -were present 
as well. See photos showing face view and cross sections. Closed (Fig. 1) . 
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Fkj. 1 — ^HxTON Pine (Rack 28) Showing Surface Destruction, and a Cross- 
Section Depicting Damage Done by Teredos in One Year. Size 
8^ X 8" X 24". 
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Aiazano (Panama, size 6"x6"x30", rack No. 8, submerged Oct. 17, 
1929). This is CaJycophyllum candidLssimum (Vahl.) D.C. The wood is still 
very sound but I found many fine teredo holes on all sides, some inch 
diameter, and it appears they will like this wood, although it is reputed to be 
teredo resistant. 

Mongon Wood (Panama, size 5" x S" x 28", rack No. 29, submerged Dec. 
27, 1929). This is red mangrove, Rhizophora mangle L., from the San Bias 
r^on of Panama and reputed to be teredo resistant. On all sides and the 
end I saw innumerable pallets sticking out, or moving in and out, at least a 
hundred on one face, and when cut open the wood was completely honey- 
combed, some specimens with tubes ^ inch diameter, both species. Closed. 

Nicargxjan Pitch Pinb (Nicaragua, size 8" x 8" x 30", rack No. 13, sub- 
merged March 12, 1930). I do not know specific name as yet. Although 
there is much marine growth on sides and end, I saw no evidence as yet of 
teredo or gribble. 

It will be noted that four new test pieces have been added since the last 
inspection, namely, Huon Pine, Aiazano, Mongon Wood, and Nicaraguan 
Creosote Pitch Pine. A specimen of treated Amarillo Wood and one of 
TRI-treated Yellow Pine will be received shortly and placed on test. 

In case the Kola k a test piece is recovered, information concerning its 
condition will be forwarded to you. 

In Mr. Zetek’s report sent you last year, mention is made of three Tur- 
pentine Wood samples. This is incorrect. There are only two samples, in 
racks 25 and 27. 

Also in last year’s report it was recommended by Mr. Zetek that the fol- 
lowing specimens be closed out: Almendro (rack No. 8) from Panama, 
Alcomoque (rack No. 13) from Panama, and Fir (racks Nos. IS, 16, 17, 18) 
from TJJSA.. with copper screening. This was done and the foUowing sup- 
plementary report was made by Mr. Zetek on Sept. 21, 1929: 

Supplementing my report on the examination of the samples of 
w^d in the teredo test rack at Balboa, made by me on August 14, 

I received the following at my laboratory, which I dissected: 

No. 8 — Almendro 

No. 14 — Alcomoque 

Nos. 16, 18 — Fir covered with 16 mesh Cu screening. 

Th® Almendro showed thorough infestation, shipworms alive and 
in large numbers. When left standing for awhile, the pallets were 
found to be projecting out from the small ■ exterior openings, none 
of the teredos were very large. 

The Alcomoque was much more infested than when examined 
in 1928, but very few live teredos were found. All others were dead 
and putrid and much mud was in the burrows. This was one of the 
samples that were lost in the mud at Mirafiores and later recovered 
Some of the burrows were kich in diameter. 

In my report of August 14, 1929, I state I knew nothing of the 
other alcomoque (No. 14) but this is not so as I did report on it 
August 31, 1928. 

In the case of No. 16, fir covered with 16 mesh copper screen- 
ing, I found that the screming was badly tom and in places com- 
juetely gone. Teredos were very plentifiil in" this sample, some of 
the burrows 54 bach in diameter and extending well into the center. 

AH were alive. 
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In the case of No. 18, the screening xv’as almost intact and the 
number of teredos was very small. Wherever the screening was dam- 
aged, as along some of the edges, teredos were found. I also found a 
few where the screening was good. It does not app^r to be a prac- 
tical measure even if the screening does tend to inhibit the develop- 
ment of teredos. 

No. 15 and No. 17 were those that had broken from the chain 
and not recovered. I do not care for them, hence there is no need 
to try and locate them. 

The most plentiful teredo by far was Neobankia zeteki, but I 
also found two other kinds, the pallets of which are quite distinct 
and do not resemble those of any species known to me through litera- 
ture I have on hand. There was also one specimen which I am ten- 
tatively referring to N. mirafioraJ* 

CHEMICAL WARFARE SER-VTCE SPECIMENS 

These test pieces were treated by the Chemical Warfare Service in their 
own experimental treating plant at the Edgewood Arsenal as follows: 

No. 1 — ^A 1 per cent solution of ammoniacal copper carbonate. 

No. 2 — 1 per cent diphenylamine chlorarsene in creosote. 

No. 3 — .75 per cent diphenylamine chlorarsene and .5 per cent 

phenyldichorarsene in fuel oil. 

Reports of inspection of test pieces are as follows: 

New York, New Haven and Hartford R.R. 

Warren, R.I. Submerged May, 1925. Test pieces reported lost in 
1929 have been found. The untreated control piece showed a light attack 
but none of the treated specimens were attacked. 

U.S. District Engineer, Charleston, S.C. 

Two duplicate sets of specimens were submerged at Castle Pinckney, 
Jime, 1925. 

One No. 1 specimen was attacked by Limnoria but the other was in good 
condition and the same condition exists with the No. 2 specimens (Fig. 2) . 

One No. 3 specimen has been lightly and the other heavily attacked by 
Limnoria and teredo. 

Florida East Coast Ry. 

Key West, Florida. Submerged Sept. 21, 1925. All test pieces diow 
some attack though none are badly damaged. The untreated controls were 
entirely destroyed. 

U5. Naval Air Station, Pensacola, Fla. Submerged June 5, 1925. One 
No. 1 piece destroyed by Limnoria and teredo and the other heavily attacked. 
There is no attack apparent on either of the No. 2 pieces. The No. 3 pieces 
are attacked by teredo, one of them fairly heavily, and the other not so 
heavily but little or no Limnoria attack is evident. 

Bureau of Lighthouses 

San Juan, P.R. Submerged July 1, 1925. One No. 1 piece is 
heavily attacked by Limnoria and the other not so badly. One No. 2 piece 
ha s been lost and the other shows no attack. Both No. 3 pieces were so 
heavily attacked in 1929 that they were eliminated. 

TJ.S. Navy 

Coco Solo, CJZ. 

A. Submerged July 23, 1925, in front of Quarters “E,” Submarine Base. 
Inspection report not yet received- 
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B. Submerged August 11, 1925, at boat house building No. 24. In- 
spection report not yet received. 

Southern Pacific Company 

San Francisco Bay, Oakland Pier. Submerged July 21, 1925. No 
attack on treated pieces though untreated control was heavily attacked by 
Limnoria and lightly by teredo. 

Port Costa. Submerged July 22, 1925. Untreated control piece destroyed 
by teredo but no attack evident on any of the treated pieces. 

Puget Sound Navy Yard 



Fig. 2 — Set op Chemtcae Warfabe Service Specimens Submerged 
AT Castle Pinckney June, 1925. 


Bremerton, Wash. Pier 4. Submerged Oct. 14, 1925. Untreated 
control destroyed by Bankia. The No. ,1 piece was not attacked and the 
Nos. 2 and 3 showed light Limnoria attack. 

Pier 8. Submerged Nov. 3, 1925. No attack on treated pieces though 
untreated control piece was destroyed by Bankia. 

UJS. Navy Yard 

Pearl Harbor, HX Coaling Pier. Submerged Aug. 17, 1925. Report 
of 1929 inspection was received too late for publication last year. It 
showed that the No, 1 specimen was heavily attacked by teredo and the No. 
3 specimen by Limnoria but the No. 2 specimen was not attacked. (Fig. 3). 
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Inspection on Sept. 24, 1930 showed that the No. 1 piece had been about 
50 per cent destroyed by teredo, the Xo. 2 piece showed no sign of attack, 
and the No. 3 piece was about 40 per cent destroyed by Limnoria and 
Teredo. The untreated control piece was totally destroyed. 


CHEMICAL WARF.^RE SERVICE 

The Chemical Warfare Service have continued the laboratory and service 
tests initiated in 1922. The service tests are being carried on with the co- 
operation of the Bureau of Fisheries at Beaufort, X.C. By the courtesy of 
Maj. Gen. H. L. Gilchrist, Chief of the Chemical Warfare Service, we are 
able to present the following report on these experiments. The report was 
submitted by the Co mm anding Officer of the Edgewood Arsenal. 



Fig. 3 — Chemical Warfare Service Test Rack. Naval Operating Ba.se, 
Pearl Harbor, H. I. 


REPORT ON TESTS AT BEAUFORT, N.C.— MARINE PILING 
INVESTIGATION 

The Chemical Warfare Service has 563 impregnated boards installed on 
test against marine wood boring organisms in the terrapin i>ens at U.S. 
Bureau of Fisheries, Pivers Island, Beaufort, N.C. 

The impregnated pieces are 30" x and in a number of cases are 
nailed to stringers that are already infested with limnoria and shipworm. 
This is a more severe test than piling is ordinarily subjected to, and serves 
as an accelerated service test of the toxics used in impregnating the boards. 
Due to the fact that all available space has been utilized in the pens, 108 test 


A 




300 


Wood Preservation 


pieces 4" x 8^ x are installed in the fish ponds. Alternate test pieces have 
bait pieces attached and ever>" eighth board is a control. Unimpregnated 
boards are tised as controls and serve as a measure of the distribution and 
intensity of the attack by borers. These boards need to be replaced by new 
ones each year. 

The following vehicles, alone or in combination, were used to carry the 
toxics: Creosote, naphthalene, Montan wax and oil. A majority of the 
toxics used, with the above impregnants, ivere Chemical Warfare Agents. 

The boards impregnated with oil, with the exception of those containing 
arsenic trichloride, show a greater percentage of attack than boards im- 
pregnated with any other vehicle. 

The Chemical Warfare agents having most promise for a two year 
period are: Diphenylamine chlorarsine, methylarsenious oxide, phenylarseni- 
ous oxide and bromacetophenone. While boards impregnated with vehicles 
containing arsenic trichloride showed practically no attack, yet all these boards 
were badly charred, were easily split and broken, and had attacked the nails 
holding the boards in place. The toxics have highly vesicant properties, as 
mustard gas and lewisite, have not been tested against borers in impregnated 
wood. 

One hundred eight (108) test pieces were installed in April, 1930, but no 
inspection has been made on these piec^ to date. 

In the following table the boards of the various sets are grouped to- 
gether, regardless of which pen they were installed in. Under “Severity of 
Attack” is given a figure obtained by rating the attack as follows: 

0 — ^None 

1 — Slight 

2 — ^Moderate 

3 — Considerable 

4 — ^Heavy 

Then the figures for attack on any given set are added, and if necessary 
calculated to a basis of 10 boards per set. 
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Table — Continued 


24 80 

FudOil 


35 25 Mon- 3 Chlora- 

C10H8 tan Wax cetophe- 

none 


30 ISOOflA 
Texas Co. 


31 60 Oil A 

Texas Co. 


32 60OUA 

33 OUB150 


C10H8 2 DA 

Texas Co SAsClS 


Toxic 

No. 

Boards 

In- 

stalled 

No. 

Boards 

At- 

tacked 

Sever- 
ity of 
Attack 

Date 

In- 

stalled 


10 

3 

4.0 

11-18-28 


10 

1 

1.0 

11-18-28 

3AsC13 

10 

0 

0 

11-18-28 

SAsClS 

10 

0 

0 

11-18-28 

3AsC13 

3 diphenyl- 
amine 

10 

1 

1.0 

11-18-28 

SAsClS 

3 diphenyl- 
amine 

10 

0 . 

0 

11-18-28 

3AsC13 

10 

0 

0 

11-18-28 

SAsClS 

10 

1 

0 

0 

11-18-28 

SAsClS 

2 DA 

10 

0 

0 

11-18-28 

3AsC13 

10 

0 

0 

11-18-28 

3A8C13 

10 

0 

0 

11-18-28 
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Legends of Abbreviations 


C 10H8 — Napthalene 
CHSAsO — ^Methylarsenious oxide 
PD CB — Paradichlorbenzol 
DM — Diphenylaminechlorarsine 
DA — Diphenylchlorarsine 
Cu.Res. — Copper resinate 


AsCl3 — ^Arsenic trichloride 
CdCl2 — Cadmium chloride 
DXP — Dinitrophenol 
C6HS.\sO — Phenylarsenious oxide 
SO — Standard Oil Company 
TC — Texas Oil Company 


SAN FRANCISCO BAY TESTS 

These tests were initiated by the Marine Piling Committee of the 
National Research Council and some test series have been added since by this 
Sub-Committee. For a detailed description of the creosote oils used, see 
pages 144-148, “Marine Structures, Their Deterioration and Preservation,” 
by Atwood and Johnson, 1924. 

Report of Inspection September 19, 1930, of 
Specimens furnished through Herman von Schrenk and Col. 

Atwood, and installed in San Francisco Bay 

(P=Pme F=Fir) 

Barrett Manufacturing Company Material 

Placed Station B, Pier 7, San Francisco, January, 1923, moved to Biological 
Station, Oakland Pier, c/o ST. Co., December, 1925. No attack except 
slightly Limnoria. 


Gate No. Specimen No. Treatment Condition Sept. 19, 1930 


B-4 P.1 

2 

3 

4 


B-S P5 

6 

7 

8 


B-6 P 9 

10 

11 

12 

B-7 P13 

14 


15 

16 


Coke oven original oil 
ditto solids removed 
ditto acids removed 
ditto bases removed 


Coke, minus residue 

above 360 deg. C. 
Coke, minus fraction 

239-270 deg. C. 

Coke, minus fraction 

up to 230 deg. C. 
Coke, minus fraction 

270-360 deg. C. 

Vertical retort original 
oil 

ditto minus solids 
ditto minus adds 
ditto minus bases 


ditto, 

minims 

residue 

above 360 deg. C.) 

ditto, 

TninnR 

fraction 

230-270 deg. 

C.) 

ditto, 

minus 

fraction 


up to 230 deg. C. 
ditto, minus fraction 
270-360 deg. C. 


P. 1 intact 

P 2, 3 and 4 slightly 
eroded by Limnoria 
on ends; sides slight- 
ly attacked near 
ends. No apparent 
increase since last 
year. 

AH slightly eroded by 
Limnoria ‘ on ends. 

PS also on sides next 
to end. P8 slightly 
worse. No apparent 
change since last 
year. 


Light general Lim- 
noria attack on ends 
and sides. No ap- 
parent change since 
last year. 


A few limnoria bur- 
rows on ends. 

No attack. 

No attack. 
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Gate No. Specimen No. 


Coke oven oils dupli- 
cating B 4 in iden- 
tical order. 


F S Coke oven oils dupli- 

6 cat^g B-S in iden- 

7 tical order. 

8 


F 9 Vertical retort oils 

10 duplicating B-6 in 

11 identical order. 

12 


Condition Sept. 19, 1930 

All slightly eroded on 
ends. On sides at- 
tack confined to line 
across specimens 
where gate had 
rubbed against a 
submerged brace. No 
apparent change 
since last year. 

All slightly eroded on 
ends. Only traces on 
sides. 

No apparent change 
since last year. 

All show slight erosion 
on ends and sides 
near ends. One small 
dead Ban Ida found ; 
burrow exposed by 
wave erosion. 


Vertical retort 
duplicating B-7 
identical order. 


Considerable Limnoria 
attack on 13 and 16. 
Light attack on 14 
and 15. One small 
teredo hole in No. 
13 has been exposed 
by Limnoria. Very 
little change since 
last year. 


1930 REPORT ON TEST PILES 
For original description of these piles see: 

1. Am. -Wood Preservers Association 1920. Pages 148-178. 

2. Marine Structures, Their Deterioration and Preservation, Atwood 

and Johnson, Pages 109-116. 

See previous AJRJEA. reports: 

Vol. 23, 1922— Page 959 
Vol. 27, i926 — ^Page 989 
Vol. 28, 1927— Page 1155 
Vol. 29, 1928— Page 723 
Vol. 30, 1929— Page 676 ' 

Vol. 31, 1930— Page 695 

The following tables, 1-A to 1-D give the 1930 condition of four sets of 
test pfles driven in 1919 and 1920 at Seattle, Tiburon in San Francisco Bay, 
San Pedro and San Diego. Each set originally consisted of seven piles, in- 
cluding the following: 

3 — Old creosoted fir piles originally driven in 1890 Table 1-A. 

1 — Old creosoted fir pile originally driven in 1901 Table 1-B. 

2 — New freshly creosoted fir piles 1-C. 

1 — New untreated fir pile 1-D. 
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The untreated piles were destroyed in three or four years as shown in 
Table 1-D, leaving six piles in each set. 

The set at San Diego was exposed for test by the A.T. & S.F. Railway 
Company in their Wharf 63, until this w'harf was dismantled in July o£ 1925. 
After being repaired they were redriven by the Southern Pacific Company at 
Long Beach, California, and the test continued. 


Test Piles — ^Table l-A. Creosoted Fir Piles from Southern Pacific Company 
Old Long Wharf Dock “A” Oakland. Originally driven in 1890. Pulled 
in 1919 and Redriven Elsewhere. Exposed to Marine Borer Attack Forty 
Years to Date. 


Redriven for Test 


Inspection 


Mark 

Date 

Railroad 

Location 

Remarks Borers 

A-6 

1920 

NJP. Ry. Co. 

Seattle 

No attack to date 

A-8 

1920 

NT. Ry. Co. 

Seattle 

This pile free of 




teredo 

A-32 

1920 

N.P. Ry. Co. 

Seattle 

No attack to date 

A-19 

1919 

NWP. RJR. Co. 

Tiburon’*' 

No attack to date 

A-28 

1919 

NWP. R.R. Co. 

Tiburon* 

No attack to date 

A-29 

1919 

NWP. R.R. Co. 

Tiburon* 

No attack to date 

A-S 

1919 

SP. Co. 

San Pedro 

Slight Limnoria 


erosion in 3 spots; 
no change since 
last year. Limnoria 


A-20 

1919 

SP. 

Co. 


San Pedro 

Slight Limnoria 
erosion ; no change 
since last 







year Limnoria 

A-34 

1919 

SP. 

Co. ' 


San Pedro 

2 holes 3" deep 
by Limnoria — ^no 
change since last 
year. Limnoria 

A-2 

1920 

AT. 

& SF. 

Ry. 

San Diego 

PuUed 1925. 

A-2 

1925 

SP. 

Co. 

Long Beach 

Holes attacked by 
Limnoria repaired 
in 1925 and attack 









stopped, no fur- 
ther attack to 







date. Limnoria 

A-7 

1920 

AT. 

& SF, 

Ry. 

San Diego 

Pulled 1925. 

A-7 

1925 

SP. 

Co. 

Long Beach 

Holes attacked by 
Limnoria repaired 
in 1925 and at- 









tack stopped, no 
further attack to 
date. Limnoria 

A-33 

1930 

AT. 

& SF. 

Ry. 

San Diego 

Pulled 1925 Limnoria 

A-33 

192S 

SP. 

Co. 


Long Beach 

Holes attacked by 
Limnoria repaired 







1925 and attack 


stopped. No fur- 
ther attack to 
date. 


San Francisco Bay) 
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Test Piles Tables 1-B. Creosoted Fir Piles from Southern Pacific Company- 
Old Long Wharf Dock ‘"E,” Oakland, Originally Driven in 1901. Pulled 
in 1919 and Redriven Elsewhere. Exposed to Marine Borer Attack 
Twenty-Nine Years to Date. 




Redriven for Test 

Inspection 

Mark 

Date 

Railroad 

Location 

Remarks Borers 

E-46 

1920 

NP. Ry. Co. 

Seattle 

This pile free from 
teredo. 

E-42 

1919 

NWP. Ry. 

Tiburon* 

2 holes attacked 
by Limnoria re- 
paired in 1924; a 
further slight at- 
tack has occurred 
in 1926 and 1927 
but no further at- 
tack to date. 

Limnoria 

E-38 

1919 

S.P. Co. 

San Pedro 

Slight attack by 
Limnoria no 
change since 
last year. Linmoria 

(E-50 

1920 

AT. & SF. RR. 

San Diego 

Pulled in 1925 

(E-50 

192S 

S.P. Co. 

Long Beach 

Old scorings by 
Limnoria repaired 
in 1925; slight 
limnoria attack 
during 1927. No 
further change. 


Limnoria 


(* San Frandsco Bay) 


Test Piles — ^Table 1-C. Freshly Creosoted Fir Piles, Exposed to Marine 
Borer Attack Ten Years to Date. 


Mark 

Date 

Driven for Test 

Railroad 

Inspection 
Remarks Borers 

47 

1920 

NP. Ry. Co. 

Seattle 

No attack to date. 

48 

1920 

NP. Ry. Co. 

Seattle 

Slight indication 
of teredo in 3 ft. 
check near 

bottom. Teredo 

43 

1919 

NWP. RR. 

Tiburon* 

No attack to date. 

44 

1919 

NWP. RR. 

Tiburon* 

No attack to date. 

40 

1919 

SP. Co. 

San Pedro 

No attack to date. 

41 

1919 

SP. Co, 

San Pedro 

No attack to date. 

51 

1920 

AT. & SF. 

San Diego 

Pufled 1925. 

51 

1925 

SP. Co. 

Long Beach 

Holes attacked by 
Limnoria repaired 

1925 and attack 
stopped. No fur- 
ther attack to 
date. Limnoria 

52 

1920 

AT. & SF. Ry. 

San Diego 

Pulled 1925. 

52 

1925 

SP. Co. 

Long Beach 

Holes attacked by 
Limnoria repaired, 
in 1925. Attack 
stopped; no fur- 
ther attack to 
date. Limnoria 
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Untreated Fir Piles Exposi® to M.4Rine Borer Attack 
Driven for Test 


Mark 

Date 

Railroad 

49 

1920 

NP. Ry. Co. 

45 

1919 

NWP. RR. Co 

39 

1920 

AT. & SF. Ry. 


(* San Francisco Bay) 


xgjo Inspection 


Location 

Remarks 

Borers 

Seattle 

Broken off 

Limnoria 


at mud 
line 1923. 

Bankia 

Tiburon 

Broken off 

Limnoria 


at mud 

Bankia 


line 

Teredo 


1923 

Navalis 

San Diego 

Broken off 

Limnoria 


at mud 

Probably 


line 1923. 

Bankia 


Ac-Zol Tests 

A series of specimens about S in. diameter, 3 ft. long were treated by the 
Norfolk Creosoting Company as part of a commercial charge wdth a 6 per cent 
solution of Ac-Zol in 1928 and were submerged shortly after. The following 
inspection reports therefore show the result of about a two years test. 

UJ5. District Engineer, Charleston, S.C. 

One specimen heavily and two more lightly attacked by Limnoria 
and Teredo. 

Panama Caned, Balboa, C.Z. 

All specimens heavily attacked by Teredo. 

Puget Sound Navy Yard, Bremerton, Wash. 

All spedmens lightly attacked by Limnoria and Bankia. 

UB, Navy Yard, Pearl Harbor, HJ. 

All specimens heavily attacked by Limnoria and Teredo. 

U.S. Navy Yard, Cavite, P.I. 

Specimens submerged xinder approach pier No. 4, Machina wharf, 
Nov. 27, 1929. Both test pieces show a heavy attack principally by 
Martesia (Fig. 4). 



Fig. 4 — Cavite, P. I. Upper Row op Specimens are Ac-Zol Treated — 
<5/^TT^'^Tow Lower Row Untreated Fir. 
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Stadsdasd Fruit aito Steamship Company 

The Standard Fruit and Steamship Company commenced the construc- 
tion of a wharf at La Ceiba, Honduras, in 1910 and completed it in 1912. 
The piles were long leaf pine treated to refusal at the company’s plant. An 
analysis of the creosote used is not available but it is stated to have been a 
“straight distillate creosote.” Renewals were commenced in 1926 and were 
carried on for the next four years, but there are still a few of the 1910 piles 
in service at the inshore end of the wharf. 

There were 125 Nicaraguan pitch pine piles with a 14 lb. treatment driven 
in 1926 and 380 “Dense Southern Yellow Pine” piles driven in 1926 and 192 * 7 . 
These latter piles were treated at two plants in the United States, one order 
of 185 with 20 lb. of AJRJE.A. No. 1 creosote and the other of 195 with an 
80/20 per cent creosote coal-tar solution. The 1928 and 1929 replacements 
(which were Nicaraguan pitch pine) were treated at the Company’s plant 
with 18 lbs. of AJELEA. No. 1 Creosote. An 18 lb. treatment is treatment to 
refusal with this timber. 

Practically all the piles driven from 1926 to 1929 show a serious Limnoria 
attack and will apparently last only a few years longer. This is the shortest 
service life that has come to the knowledge of the Committee for material 
which seems to have been well treated. Some of the piles treated in the 
United States were not inspected, but one of the orders at least is imderstood 
to have been treated by one of the most reputable companies in the country. 

Copper Resinate Tests 

A series of specimens have been treated with copper resinate by a double 
impregnation process and have been distributed to the various stations where 
tests are being carried on. These spedmens were most of them submerged in 
the late spring or early summer of 1930. None of them so far reported have 
been attacked but the period of immersion is too short for this fact to be 
indicative of the value of this treatment. 


“Sea Action Committee” — (England) 

The Tenth and Eleventh Interim Reports received dnce the last report 
of this co mmi ttee was written, brings these reports down to the current year. 

The Tenth Report dated September, 1929, reports the inspections and 
continuation of experiments with the arsenical poisons similar to those being 
tested by the Chemical Warfare Service, U5 Al. The conclusion of the “Sea- 
Action Co'inmittee” is that D Id (diphenylamine chlorarsene) is effective but 
that it is not effective in low concentrations. 

A series of experitoents were made to determine the relative value of four 
arsenical compounds using alcohol as the vehiclei because this would quickly 
"fevaporate and therefore, protective influence of the vehicle would not in- 
fluence the test as is the case when creosote is used. The most effective 
poisons were found to be D M and B D C (a impure of phenyl arsenious 
oxide and phenyl arsenious chloride). It was found that 2 per cent of D M 
was not effective and new series of blocks have been prepared with a 5 per 
cent solution of each of these arsenicals. These blocks are being tested at 
Colombo and Singapore. 
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It is proposed to make a series of tests with standard creosote to which 
napthalene has been added in order to compare results with the present 
specification creosote and that used 30 or more years ago, 

A progress report is made on the metals being tested for corrosion in and 
near sea water and the conclusions previously reached are further confirmed 
after 7 years test. The inspection shows that the best bars exposed to sea air 
at Auckland, N.Z., Halifax, N-S., and Plymouth are the 13.57 per cent 
chromium steel, the 3.75 per cent and 36.55 per cent nickel steel and the cast 
irons. 

The report also gives inspection results on tests of painted and tarred 
plates which show the superiority of horizontal over vertical retort tar for 
this purpose. 

Three hundred reinforced concrete test pieces are being prepared for test. 
They are to be made with four different cements, some of them with trass 
replacing either part of the cement or part of the fine aggregate. 

The Eleventh Interim Report dated July, 1930, contains later inspection 
reports but nothing which does not agree with those in the preceeding report. 
The specimens treated with creosote to which napthalene had been added 
have been submerged at Kilindini (Kenya Colony) and Mauritius. 

StnyTM-ARv 

The inspection reports aU seem to show a year of great activity of the 
borers. Many specimens, both untreated tropical woods and treated pieces, 
previously undamaged now show attack. 

Among the tropical timbers, turpentine wood stfll looks promising but 
while some other species show very appreciable resistance, none of them 
appear to be immune from attack. 

Attack seems quite general on the No. 1 and No. 3 treatments of the 
Chemical Warfare Service, while the No. 2 specimens are generally free from 
attack. It is possible, judging from the results obtained by the Englidi Com- 
mittee, that the toxic percentage in the No. 3 specimens are too low. 

The tests of Ac-Zol treatment show that while the test pieces had a de- 
cided resistance to attack that the 6 per cent solution used wras not toxic 
enough to give permanent protection. It apparently had little value against 
Martesia at Cavite. 

The San Francisco specimens treated wdth various creosotes are not yet 
heavily attacked and no conclusions can be drawm. 

Conclusion 

It is recommended that this report be accepted as information and the 
subject continued. 
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Appendix C 

(3) DESTRUCTION BY TERMITE AND POSSIBLE WAYS 
OF PREVENTING SAME 

Dr. Hermann, von Schrenk, Chairman, Sub- Committee; Wm. G. Atwood, 
C. C. Cook, E. A. Craft, L. H. Harper, F. D. Mattos, C. M. Taylor, 
C. S. Wiltsee, Jr. 

Your Committee has diligently followed the investigations being con- 
ducted with reference to termite protection of building construction. Nothing 
new has developed except the publication of a very interesting report by the 
Termite Investigations Committee of California*, and it is suggested that 
those interested write directly to A. A. Brown, Chairman of the Termite In- 
vestigations Committee, 215 Market Street, San Francisco, California, for 
copies of same. 

A large number of test pieces of timber treated in various ways are 
being observed both in this country and the Tropics under the auspices of 
Dr. T. E. Snyder, Senior Entomologist, United States Bureau of Entomology. 
It is anticipated that information reference the results of inspections of these 
t^t specimens will be made available from year to year as soon as definite 
results can be communicated. 


* Entitled “Termites and Termite Damage/’ by S. F. Light, Merle Randall and Frank 
G. White. 

Conclusion 

It is recommended that this report be accepted as information and the 
subject be continued. 


Appendix D 

(4) PRACTICABILITY OF BORING BRIDGE AND SWITCH 
TIES FOR SPIKES BEFORE TREATMENT 

R. S. Hubley, Chairman, Sub-Committee; Wm. G. Atwood, C. S. Burt, H. R. 

Condon, J. F. Donovan, L. B. Holt, W. H. Klirkbride, W. T. MacCart, 

T. H. Strate, 

For several years now a large number of the railroads who have been 
treating a majority of their cross ties have been pre-boring the ties for spike 
holes before treatment, thereby obtaining treated wood around the driven 
spike and also obtai n i n g a greater amount of the preservative under the rail, 
where it is mostly needed. The majority of the cross ties being removed from 
track today, that were not prebored before treatment, will show that the 
wood had decayed mostly in the vicinity of the spike holes; thereby reducing 
the holding power of the spike and weakening the track structure. The pre- 
boring of the track ties for spike holes before treatment is extending the 
average life of the ties considerably, by preventing early decay in the vidnity 
of the spike holes, and the increased life that is now being obtained from the 
prebored tie reduced to dollars and cents will many times offset the initial 
cost of the boring. The actual cost of boring ties with the improved adzing, 
boring and incising machines is a few cents of tie. These machines average 
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about seven ties a minute. Experiments previously conducted have shown 
that the holding power of the spikes in prebored holes is greater than w*hen 
the spike is driven in unbored wood, this being due to the fact that dri\*ing 
the spike in unbored wood shatters the fiber of the wood, while in the pre- 
bored hole the wood is less distorted and offers greater resistance to its pulling. 

In view of the fact that the preboiing of the cross-ties for spikes was 
found to be an economical proposition, it was thought advisable that prob- 
ably bridge and switch ties should also be bored before treatment. Ho'wev'er, 
in the preboring of bridge and switch ties due to their various lengths, they 
could not be bored in the regular tie boring machine but the work "would 
have to be done by hand. This would necessarily increase the cost of the 
boring considerably. The cost, how’ever, in several of the foreign countries is 
a secondary consideration and all their switch ties are prebored in a special 
machine for both the main and turnout rails. They no doubt figure that it 
is an economical thing to do as well as aiding in timber conservation. 

In order to obtain from the various railroads their opinion on this sub- 
ject, the following questionnaire was submitted to 34 railroads, to which re- 
plies were received from 27, as follows: 

1. Q. — Are you boring bridge ties for spike holes prior to treatment? 

A. — Six roads replied in the “affirmative” and twenty-one “No.” 

2. Q- — ^Do you recommend the boring of bridge ties for spike holes prior to 

treatment ? 

A. — Seventeen replied “yes” and four “no.*' Several thought that it was 
the proper thing to do if it was practical and could be done 
economically. One road stated that “We should do everything we 
reasonably can that is practical to prolong the life of such material.” 
Another road did not think it practical account of the different 
weights of rail used on their line. 

3. Q. — ^Are you boring switch ties for spike holes prior to treatment? 

A. — ^All the replies were negative. 

4. Q. — Do you recommend the boring of switch ties for spike holes prior to 

treatment ? 

A. — ^Three roads replied in the “affinnative,” sixteen “no” and the balance 
had different opinions as follows: 

Most of holes would be different and difficult to keep material in sets, 
due to the different weights of rail in use. 

Impractical and too costly. 

Difficult to locate the holes properly; probability that turnouts would not 
be bored to proper line. 

Switch ties would have to be spaced accurately on ground to have the 
rail conform to the borings. 

Switch ties are not replaced as a rule on account of decay, but are short 
lived because of the mechanical wear to which they are subjected. 
The jj^netration received without pre-boring sufficient to preser\"e the 
tie until destroyed by mechanical wear. 

5. Q. — If you do not approve of boring spike holes in the entire switch tie, 

do you think it advisable to bore the switch tie for the main line 
only (as this is the most used) leaving the turnout side of the track 
unbor^? 

A. — ^Five roads replied in the “affirmative,” ten “no,” other replies were 
as follows: 

Track forces would have difficulty in placing the switch properly in the 
track according to borings. 

Not economical as switch ties were mostly removed account of mechan- 
ical wear. 

Impracticable on account of the tiespadng and swdtch plates. 
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6. Q. — ^If you approve of boring the main line spike holes in the switch ties, 
do you think that it would be an economical proposition to bore the 
switch ties approximately at the location of the turnout rail, in order 
to obtain a better penetration of the preservative under the rail, no 
attempt being made to determine the exact location of the spike hole 
on the turnout side? 

A. — ^Two roads replied in the “affirmative,” fifteen “no,” others as follows: 

Would not be an economical proposition. 

Believe the main line portion of ties will need renewal from mechanical 
wear before ties will rot out under turnout rails. 

Do not believe it advisable to undertake to bore switch ties as there are 
many things which cause enough variation in the condition of the ties 
to make the holes useless. 

Too many complications in boring switch ties to warrant going into it. 
The boring will all have to be done by hand, as machines used at the 
tie treating plants would not take the lengths of timber, and we do 
not believe &e benefit would be worth the extra cost. 

It has been our experience that switch ties removed from track have 
failed principally on account of mechanical wear, rather than decay, 
and it is therefore our opinion that the boring of switch ties for 
spike holes would not warrant the expense entailed. 

Conclusion 

1. It is the opinion of the Committee that the pre-boring of bridge ties 
for spike holes prior to treatment is practicable and an economical thing to do. 

2. That the pre-boring of switch ties for spike holes prior to treatment, 
either for the main line or turnout rails is to be left to each road to do as they 
see fit. 

3- It is recommended that the conclusions be accepted and printed in 
the Manual. 



REPORT OF COMMITTEE VII— WOODEN 
BRIDGES AND TRESTLES 


E. Austux, Chairman; 

F. E. Bates, 

C. H. Chapin, 

C. R. Chevalier, 

H. M. Church, 

F. H. Cramer, 

R. G. Deveun, 

Theo. Doll, 

W. R. Edwards, 

A. F. Frendberg, 

S. F. Grear, 

A. B. B. Harris, 

R. P. Hart, 

W. E. Hawley, 
Reuben Hayes, 


J. B. Maddoce, Vice-Chairman; 
W. B. Hodge, 

C. J. Hogue, 

E. A. Johnson, 

R. \V. Kennedy, 

J. A- Newun, 

G. W. Rear, 

Arthur Ridgway, 

C. P. Schantz, 

D. W. Smith, 

M. A. Stainer, 

G. C. Tuthill, 

J. L. Vogel, 

Wm. Walkden, 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects: 

(1) Revision of Manual (Appendix A). 

(2) Simplification of grading rules and classification oT timber for rail- 
way uses, collaborating with other organizations dealing with this 
subject (Appendix B). 

(3) Standardization and simplification of store stock and disposition of 
material reaching obsolescence, collaborating ndth other committees 
and organizations concerned (Appendix C), 

(4) Overhead wooden or combination wooden and steel highway bridges, 
collaborating with Committees VIII — ^Masonry and XV — ^Iron and 
Steel Structures (Appendix D). 

(5) Design of standard wooden trestles with a view of obtaining greater 
economy and conserving timber resources (Appendix E). 

(6) Relative merits of concrete and treated -wooden piles, collaborating 
-with Committees VIII — ^Masonry, and XVII — ^Wood Preservation. 


Action Recommended 

1. That no changes be made in the Manual at this time. 

2. That Appendix B be received as information and subject continued. 

3. That Appendix C be received as information and subject continued. 

4. That Appendix D be received as information and subject continued. 

5. That the subject be discontinued and the Committee review plans 
now in the Manual with a -view of prejmring plans for heavier loading than 
those plans pro-vide for. 

6. That the subject be discontinued or changed to “Relative merits of 
concrete and treated wooden trestles.” 

It was -with deep regret that the Committee learned of the death, on 
August 2, 1930, of Mr. William Albert McGonagle, President of the Duluth, 
Missabe & Northern Railway Company. 

Mr. McGonagle presented the first report that this Committee made to 
the Association. 

Respectfully submitted, 

The Committee on Wooden Bridges and Tresties, 

H. Austtll, Chairman. 


Bulletin 332, December, 1930. 
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Appendix A 

(1) REVISION OF MANUAL 

G. C. Tuthill, Chairman, Sub-Committee; F. H. Cramer, W. E. Hawley, C. J. 
Hogue, J. A. Newlin, Arthur Ridgw’ay. 

The Committee recommends no changes in the Manual this year, but 
begs to call attention to certain typographical errors in the 1929 edition which 
were corrected last year but not listed in the 1930 Supplement. 


Appendix B 

(2) SIMPLIFICATION OF GRADING RULES AND CLASSI- 
FICATION OF TIMBER FOR RAILWAY USES, COLLA- 

BORATNG WITH OTHER ORGANIZATIONS DEALING 
WITH THIS SUBJECT 

W. E, Hawley, Chairman, Sub-Committee; C. R. Chevalier, H. M. Church, 

A- F. Frendberg, Reuben Hayes, C. J. Hogue, R. W. Kennedy, J. A. 

-N ewMBj C. F . SdhantT : 1 

This Sub-Committee has been keeping in contact with the lumber in- 
dustry through the service of its Chairman, W. E. Hawley, as a member of 
the Central Committee on Lumber Standards, C. J. Hogue, in Charge Tech- 
nical Service, West Coast Lumbermen’s Association, and J. A. Newlin, in 
Charge Section of Timber Mechanics, Forest Products Laboratory. 

No Washington Conference on Lumber Standards was found necessary 
in 1930. A combined meeting of the Central Committee and Consulting Com- 
mittee on Lumber Standards was held at Chicago on April 22, 1930. At this 
meeting only minor changes were made and are deemed by this Committee 
as of not enough importance to be included in revisions of the Manual this 
year. The California Redwood Association presented its new California Red- 
wood Structural Grades which were approved by the two committees as con- 
forming to the basis for American Lumber Standards. 

In order to avoid conftision between ^Structural” and “Yard” grades, the 
above Committees decided to add the word “Structural” after the words 
“Dense Select,” “Select,” “Dense Common” and “Common” in 'specifying tim- 
ber for structural use. 

In a report of the present status of application of the provisions of 
the American Lumber Standards, the Secretary of the Central Committee 
on Lumber Standards advised that based on information available, it was 
estimated that fully 90 per cent of all softwood lumber produced and graded 
under the rules of the recognked softwood lumber manufacturers’ associations 
was American Standard Lumber. 

Grade, trade or species marking has made rapid progress to the extent 
that approximately eight billion feet of marked lumber in softwoods, in- 
cluding also considerable hardwood lumber, is now available annually. 

Consumers are urged to base their purchasing and specification practices 
on manufacturers’ associations rules conforming to the revised standards. 

This Committee would also urge that timber bought for structural use be 
specified on the structural grades rather than the old rules specifying square 
edge and sound or merchantable. These latter terms have no basis of strength 
determination. 
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Appendix C 

(3) STANDARDIZATION AND SIMPLIFICATION OF 
STORE STOCK AND DISPOSITION OF MATERIAL 
REACHING OBSOLESCENCE, COLLABORATING WITH 
OTHER COMMITTEES AND ORGANIZATIONS CON- 
CERNED 

S. F. Grear, Chairman, Sub-Committee; A. F. Frendberg, R. P. Hart, Reuben 
Hayes, W. B. Hodge, C. J. Hogue, R. W. Kennedy, D. W. Smith, M. A. 
Stainer, J. L. Vogel, Wm. Walkden. 

The Sub-Committee has made use of data previously collected by the 
Committee on Wooden Bridges and Trestles, and finds a very great variety of 
si 2 es and lengths of bridge materials. The Association has adopted several 
standards for timber trestles, but very little progress has been made in 
getting the various railroads to adopt these standards. The Committee feels 
that a more general use of the sizes and lengths shown on the plans for 
these Association standards would result in the simplification of manufacture 
^ bridge timbers^ and this in turn would affect the. simplification of store- 
house stocks and permit the reduction of such stocks. 

Some suggestions are proposed herewith, to bring about the simplification 
of stocks: 

(1) The use of materials of the same size for ties or guard 
timbers on steel bridges and timber trestles. This would also be 
applicable to the hardware used. 

(2) The use of timbers of the same size in open deck and ballast 
deck trestles, where both types are in use on one railroad. 

(3) The use of timber of standard cross-section for sills, caps or 
posts of frame trestles and other structures where the lengths cannot 
be standardized. 

(4) Sizes of material used shouM conform as nearly as possible 

to the standard commercial size adopted as the American Lumber 
Standards. ,, . 

(5) The use of pile stubs for foundations of buildmgs, eliminat- 
ing the necessity of carrying stocks of timber for this puipose. 

(6) The use of any obsolete timber or timber of odd sizes for 
mud blocks for frame tresries, platforms, buildings and platform 
curbs. In some cases it may be advisable to re-work such timber 
into smaller sized material. 

(7) The use in concrete forms of lumber rejected for other pur- 
poses. One railroad reports having made use of rejected car material 
for this purpose. 

(8) When a certain size or class of timber or piling is over- 

stocked, it may be found to be more economical to give it a light 
treatment for preservation of the sapwood, rather than to attempt 
to dispose of it or re-work it. ^ 

(9) It is recommended that emergency stocks of timber carried 
at points other than general supply yards should be treated. 

(10) The Engineering and Maintenance Departments should ex- 
amine the stock lists periodically and, whsi special material is to be 
ordered, determine if substitutions can be made from stock. 

(11) The Engineering and Maintenance Departments should keep 
the Store Department informed as closely as possible on future needs. 

(12) drawing should be examined with a view of eliminat- 
ing material which is not standard stock. This is especially im- 
portant for treated material which must be seasoned before treat- 
ment. 
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(13) Co-operation of all departments using this material, such 
as Bridge, Building and Mechanical Departments, with a view of re- 
ducing the number of standard sizes and grades. 

(14) Store Departments should advise all departments concerned 
of special stocks or overstocks of certain materials. 

There seems to be little reason for bridge timbers reaching obsolescence 
if store stocks are properly watched. Such material could ordinarily be used 
for repairing existing structures. 

The Committee also desires to call attention to Committee reports of 
“Purchases and Stores Division — ^A.RA.” as follows: 

Report of Committee, Subject V — ^Forest Products, page 171 of 
May, 1925, Proceedings. 

Report of Committee, Subject XVI (A) Standardization and 
Simplification of Stores Stocks. (B) Disposition of Surplus or In- 
active Materials, page 217, of June, 1928, Proceedings. 

The Committee feels that much can be accomplished in the reduction 
of storehouse stocks by an exchange of ideas, and that this Committee should 
be a clearing house for suggestions and would greatly appreciate having such 
suggestions forwarded to the Chairman ol the Sub-Committee by. all mem- 
bers of the Association. 

The Committee recommends that the above be received as information, 
and that the work of the Committee be continued next year. 


Appendix D 

(4) OVERHEAD WOODEN OR COMBINATION WOODEN 
AND STEED HIGHWAY BRIDGES, COLLABORATING 
WITH COMMITTEES VIII— -MASONRY, AND XV— IRON 
AND STEEL STRUCTURES 

R. P. Hart, Chairman, Sub-Committee; C. H. Chapin, F. H. Cramer, R. G. 
Develin, S. F. Grear, J. B. Maddock, G. W. Rear, G. C. Tuthill, J. L. 
Vogel, Wm. Walkden. 

The Sub-Committee has made further study of the data previously as- 
sembled and presents for consideration two typical plans for timber high- 
way overhead bridges, one with concrete floor slab and the other with 
laminated timber floor and four suggested types of wearing surface. 

The two plEins presented do not cover the ground fully but the Com- 
mittee found it impractical to prepare plans covering the use of all kinds and 
grades of timber available throughout the country and for the innumerable 
conditions which may be encountered in preparing plans for separated cross- 
ings! Two commonly used kinds of timber were therefore selected for use 
in preparing the plans presented, the working stresses for each being the same 
for timber occasionally wet but quickly dry. 

For the purpose of the estimates given below the following assumptions 
were made: 

(a) Location in the vidnity of St. Louis. 

(b) Timber Select Grade Dense Southern Pine. 

(c) Angle of crossing 90 degrees. 

(d) Width of roadway 20 feet between curbs. 
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(e) Lengtii of bridge 5 panels at 21 ft. to accommodate single track 
crossing. 

(f) Bents made of piling having IS to 20 feet of penetration. 

(g) Unit prices include labor, material, transportation at commerdal 
rates, rental of equipment, work train sen,ice for unloading at 
site or team haul from nearest station and the usual surcharges 
for store expense, accounting, super\Tsion and use of small tools. 

Bridge with Laminated Timber Floor and Asphalt Plank Wearing Surface 


Creosoted timber piles in place 

Creosoted timber in place 

Hardware in place 

Paint applied on hand rail 

Asphalt Plank (1J4") in place 
Engineering and Contingencies 


920 Lin. ft. 
35700 FBM 
2000 Lb. 

5 Gal. 
2280 Sq. ft. 
10 per cent 


@ $ 1.35 —^1240 
@ .125— 4470 

@ .05 — 100 

(g 4.00 — 20 

@ .35 — 800 

670 


Total 


,$7300 


Bridge with Concrete Floor Slab 


Creosoted timber piles in place 

Creosoted timber in place 

Hardware in place 

Concrete floor slab in place 

Concrete rail posts in place 

Reinforcing steel in place 

Gas pipe rails in place 

Paint applied on rails 

Asphalt ^eets for Joints in roadway slab.. 
Engineering and Contingencies 


1150 Lin. ft. 
17000 FBM 
1500 Lb. 

60 Cuyd. 

32 Each 
10000 Lb. 

425 Lin. ft. 
5 Gal. 

50 Sq. ft. 
10 per cent 


$ 1.35 —$1550 
.125— 2125 
.05 — 75 

20.00 — 1200 

5.00 — 160 
.05 — 500 

1.00 — 425 
1.00 — 425 

.20 — 10 
605 


Total $6670 

The Committee recommends that this report be received as information 
and that the work of the Committee be continued for another year to permit 
collaboration with other committees and some field inspection trips to examine 
existing highway bridges of the different types. 


Appendix E 

(5) DESIGN OF STANDARD WOODEN TRESTLES WITH A 
VIEW OF OBTAINING GREATER ECONOMY AND 
CONSERVING TIMBER RESOURCES 

A. B. B. Harris, Chairman, Sub-Committee ; C. R. Chevalier, H. M. Church, 
Theo, Doll, W. R. Eidwards, W. B. Hodge, E. A. John^n, J. B. Mad- 
dock, J. A. Newlin, D. W. Smith. 

No suggestions have come before the Committee which are considered an 
improvement over plans now in the Manual and a study of this material and 
comparison "with substitute designs has convinced the Committee that the 
plans now in the Manual comply with the requirements of economy in design 
and conservation of timber resources. 
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REPORT OF COMMITTEE XVIII— ELECTRICITY 


Sidney Withington, Chairman; 
F. Atjryansen, 

B. F. Bardo, 

H. M, Bassett, 

R. Beeuwkes, 

L. S. Billau, 

D. J. Brumley, 

H. C. Cross, 

H. A. Currie, 

J. C. Davidson, 

J. H. Davis, 

C. L. Doub, 

H. L. Etheridge, 

J. S. Hagan, 

S. W. Law, 

Paul Lebenbaum, 

W. P. Monroe, 


J. V, B. Duer, Vice-Chairman; 

W , h . Morse, 

R. J. Needham, 

E. H. Olson, 

A. E. Owen* 

J. A. Peabody, 

H. W . Pinkerton, 

J. T. Seaver, 

W. M. Vandersluts, 

J. H. VanBuskirk, 

H. M. Warren, 

L. S. Wells, 

L. C. WiNSHIP, 

C. G. Winslow, 

R. P. Wlnton, 

G. I. Wright, 

Committee. 


To the American Rail’way Engineering Association: 


In lieu of a detailed report, your Committee on Electricity refers to the 
reports made to the Electrical Section, presented and acted on at the October, 
1930, session of the Electrical Section. These reports have been reprinted in 
full in Bulletin 328, August, 1930. 

As a matter of record, a synopsis of the work of the Electrical Section 
for the past year is given below: 


1. Revision of Manual 

(a) Specifications for Black Varnished Cloth Tape — Straight and Bias 
Cut, were approved for insertion in the Manual. 

(b) Recommended Practice for the Protection of Tracks Used in the 
Loading or Unloading of Inflammable Liquids from Danger of Fire Caused by 
Electric Sparks, were approved and substituted for the corresponding rules in 
the Manual. 


2. Inductive Co-Ordination 

The Committee reported progress on the formulation of Principles and 
Practices for Inductive Co-Ordination, in cooperation with other interests con- 
cerned. 


3. Power Supply 

This Committee made a comprehensive report on (a) Steam power avail- 
able for traction and general power purposes; (b) Water power available for 
traction and general power purposes; (c) Internal combustion engine power 
supply. 

The Power Supply Committee interpreted its functions to be (a) To study 
and classify electric power requirements for the railroads; (b) to acquaint the 
railroads with the major sources of power supply; (c) to study methods of 
production and distribution for utilization on railroads and other industries. 

The report contains interesting statistics on primary power available in the 
United States and Canada for traction and general power purposes. 


Bulletin 332, December, 1930. 
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4. Electroylsis 

This Committee has contmued its study of electrolysis and the measures 
taken to mitigate electrolysis in connection wdth the Cleveland Union Terminal 
and Delaware, Lackawanna & Western electrifications. 

5. Cooperation in Miscellaneous Regulations 

The Committee reports progress in the negotiations with the National 
Electric Light Association in the preparation of Principles and Practices for 
power wire crossings over railroads, with accompanying specifications. 

6. Overhead Transmission Line and Catenary Construction 

The activities of this Committee have been largely confined to the con- 
sideration of detail specifications covering component parts of catenary con- 
struction to supplement the main specifications. Tentative Specifications for 
Copper Trolley Wire and Specifications for Bronze Trolley Wire are included 
in the report. 

7. Economics of Railway Location as Affected by Electric Opera- 
tion 

This Committee is collaborating with Committee XVI — ^Economics of Rail- 
way Location, in the preparation of information regarding the selection of 
electric switching locomotives. 

8. Standardization of Insulating Tape 

This Conunittee submitted for approval and insertion in the Manual of 
the Electrical Section, Specifications for Black Varnished Cloth Tape — Straight 
and Bias Cut. 

9. Standardization of Insulators 

This Committee has kept in touch with developments and has given con- 
sideration to making certain changes in the Specifications for Porcelain In- 
sulators for Railroad Supply Lines, particularly the requirement of a “sanded 
belt,” but is not prepared to make any changes at the present time. 

11. Protection of Oil Sidings from Danger Due to Stray Currents 
The Committee offered a revision of the current rules. Recent studies 

and developments in the field of protection from danger due to electrical igni- 
tion of inflammable liquids have indicated the need of a simple method, uni- 
versally applied, for protection against danger from what is known as static 
electricity. The revision of the current rules offered for approval as recom- 
mended practice provides for such protection. 

12. Specifications for Track and Third-Rail Bonds 

In collaboration with the Committee on Heavy Electric Traction of the 
American Electric Railway Engineering Association, this Committee has pre- 
sented tentative Specifications for Stud Terminal Copper Rail Bonds. 

The Committee has also given study to methods of joining third-rails to 
provide electrical conductivity, such as welding, combination of copper bar. 
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bolts and solder, and similar practices; a study of contact areas and resis- 
tances for welded bonds. 

13. Illumination 

The Incandescent Lamp Standards have been revised and brought up to 
date. The Specifications for Large Tungsten Filament Incandescent Lamps 
have been slightly re\dsed. The Committee also reports on floodlighting of 
railroad yards. 

14. Design of Indoor and Outdoor Sub-Stations 

This Committee’s report covers (a) substation insulation; (b) working 
clearances, and (c) relay protection. 

15. High Tension Cables 

The Committee has obtained data relative to cable installations of over 
25,000 volts, and reports progress on its assignment. 

16. Application of Corrosion-Resisting Materials to Railroad Elec- 
trical Construction 

The Committee has continued the study of the application of corrosion- 
resisting materials to railroad electrical construction, with comprehensive tests 
of materials. Samples for corrosion tests were installed in the smoke jacks at 
Cedar TTifl enginehouse, New Haven. Samples are also to be installed in the 
Hemphill Tunnel and at Lambert’s Point Pier on the Norfolk & Western Rail- 
way. 


17. Form for Power Contract for Large Blocks of Power 

This Committee is collaborating with Committee XX — ^Uniform General 
Contract Forms, in the preparation of “Form of Agreement for the Purchase 
of Electrical Energy in Large Volume.” 


Action Recommended 


1. That the r-port of the Committee on Electricity be accepted as in- 


formation. 


Respectfully submitted, 

The Committee .on Ei^cnacnT, 

Sidney Withington, Chairman, 




REPORT OF COMMITTEE VIII — MASONRY 


C. P. Richardson, Chairman; 
J. T. Andrews, 

F. E. Bates, 

G. E. Boyd, 

Kennerey Bryan, Jr., 

M. F. Clements, 

T. L. CONDRON, 

Hardy Cross, 

W. F. Cummings, 

Theo. Doll, 

G. F. Eberly, 

T. L. D. Hadwen, 

B. V. Haegert, 

J. L- Harrington, 

A. D. Harvey, 

W. K. Hatt, 

A. C. Irwin, 

C. S. Johnson, 

G. M. Johnson, 

A. R. Ketterson, 

J, A. Lahmer, 


M. Hirschthal, Vice-Chairman; 
A. N. Laird, 

J. F. Leonard, 

J. P. ^Lack, 

C. R. Montgomery, 

L. E. Ritter, 

D. A. Ruhl, 

D. B. Rush, 

F. E. Schall, 

C- P. Schantz, 

L. W. Skov, 

A. W. Smith, 

G. L. Staley, 

I. F. Stern, 

J. H. Titus, 

L. W. Walter. 

C. C. Westfall, 

C. A. Whipple, 

C. C. Williams, 

P. H. Winchester, 

J. J. Yates, 

Committee. 


To the American Railway Engineering Association: 


Your Committee respectfully presents herewith report covering the fol- 
lowing subjects: 


(1) Revision of the Manual (Appendix A). 

(2) Principles of Design of Plain and Reinforced Concrete (Appendix B). 

(3) Science and Art of Concrete Manufacture (Appendix C). 

(4) Contact with the Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete (Appendix D). 

(6) Waterproofing Masonr>^ Structures (Appendix E). 

(9) Repair of Deteriorating Concrete (Appendix F). 

The Committee reports progress on (3) — Foundations, (7) — ^Tunnels, and 
(8) — Clearances. 

Special Committee on Waterproofing. 

The following resolution was unanimously adopted by the Committee: 

‘‘Resolved, That the Board of Direction of the American Rail- 
way Engineering Association create a Special Committee on Water- 
proofing of Railway Structures, to be composed of the members of 
the Committees on Masonry, Iron and Steel Structures, and Build- 
ings, each of the latter committees to appoint such members.” 


Action Recommended 

1. That the changes in the Manual in Appendix A be approved and that 
the complete Specifications for Portland Cement, as revised, be printed in the 
current supplement to the Manual. 

2. That the Specifications for the Design of Concrete Transmission Poles, 
in Appendix B, be approved for publication in the Manual. 

3. 4, 6 and 9. That reports on these subjects be received as information. 

Respectfully submitted, 

The Commxttee on Masonry, 

C. P. Richardson, Chairman , 


Bnlletin 332, Becerober, 1930. 
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^Robert JKnnour 


Bom at Montreal, March 6, 1850, the son of John Armour and the 
grandson of Robert Armour, who came to Canada from Scotland in 1796 and 
settled in Montreal, 

He was a small boy when his father moved to New York. After a few 
years the family moved to Windsor, Ont. 

At the age of 16 he enlisted in the Windsor Garrison Artillery in service 
against the Fenian Raiders, in 1866. 

He entered the service of the Canadian National Railways (Great Western 
Railway) as draftsman at Hamilton, Ont., July 12, 1870, was appointed As- 
sistant Engineer June, 1875; Principal Asst. Engineer to the late Joseph 
Hobson, Chief Engineer, September 1, 1881; was transferred to Montreal as 
Assistant Engineer, Grand Trunk Railway, August 1, 1896 ; appointed Masonry 
Engineer October 1, 1917; transferred to Toronto as Masonry Engineer, Cen- 
tral Region, Canadian National Railways, March, 1923. On February 1, 1924, 
Mr. Armour retired from active service, after serving faithfully for 54}4 
years continuously. However, on account of his wide experience in matters 
pertaining to his occupation he was retained in the capacity of Consulting 
Masonry Engineer, Canadian National Railways, Central Region, until date 
of death. 

Mr. Armour joined the American Railway Engineering Association in 
February, 1909, and served on the Committee on Masonry continuously from 
1913 to 1925 inclusive, and contributed faithfully and well to its work. 

As a railway man his chief concern was the substructure of bridges and 
he had a part in the rebuilding of many for the double track between Chi- 
cago and Portland, Maine. Some outstanding ones being bridges at St. 
Anne de Bellevue and Vaudreuil, the Arch at Niagara Falls and* the Victoria 
Bridge at Montreal. He was also interested in the masonry approaches to the 
St. Clair Tunnel. 

He died suddenly on the evening of September 10, 1930, after some 
months of failing health and was buried in Montreal in the family lot in 
Mount Royal Cemetery. 

He is survived by his wife and a daughter. 
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Appendix A 

(1) REVISION OF MANUAL 

J- F. Leonard, Chairman, Sub-Committee; M. Hirschthal, ECardy Cross, T. L. 
Condron, G. F. Eberly, A. R. Ketterson, J. A. Lahmer, U. B. Rush, L. W. 
Skov, L. W. Walter. 


SPECIFICATIONS FOR PORTLAND CEMENT 

Your Committee recommends the adoption of the following revisions and 
additions to the Specifications for Portland Cement now appearing on pages 
616-633, inclusive, of the Manual to conform to revised specifications designated 
as A.S.TJVI. C9-30 and A.S.T.M. C77-30 and that the complete specification, 
as revised, be published in the current issue of the Supplement to Manual of 
Recommended Practice. 

The proposed revisions of the present recommended practice are as fol- 
lows: 

Present : 

Article 

6 


Age at Test Tensile Stren^ 

Days Storage of Briquets Lb. per sq. in. 


7 1 day in moist air, 6 days in water 225 

28 1 day in moist air, 27 days in water 325 


Proposed: 

Article 

6 


Age at Test Tensile Strength 

Days Storage of Briquets Lb. per sq. in. 


7 1 day in moist air, 6 days in water 275 

28 1 day in moist air, 27 days in water 350 


Proposed: (New) 

Article 

x6 

The cement shall be sampled and tested in accordance with the 
Standard Methods of Testing Cement (AB.TM. Designation: C77) 
of the American Society for Testing Materials. 

Proposed Addition to Article 28. 

NOTE. — The balances used in the chemical analysis shall conform to the 
following requirements: capacity not less than 100 g. in each pan; the two 
arms of beam to be equal to within one part in 100,000; capable of reproducing 
results within 0.1 mg.; sensibility redproc^ (see Section 16, Note 1 (c) not more 
»T«»n 0.2 mg. per division of the graduated scale. The weights used in the 
analysis conform to the requirements of the UB. Bureau of 

Standards speofications for Class “S” weights as contained in Bureau of Stand- 
ards Circular No. 3. 

Present: 

Article 

(3) Use of a balance which will give results correct within 5 mg. and 
sufficiently sensitive so that the rest point will be deflected at 
least two divisions of the scale for an added load of 5 mg. 
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Proposed: 

Article 

31 

(3) The ‘"balance” used in making the fineness test shall conform 
to the following requirements: The balance shall be enclosed in 
a gTa«;s case. On balances in use the tolerance at a load of SO g. 
shall be 0.05 g., and at loads less than 0.1 g. the tolerance shall 
be 0.01 g. (The tolerances on new balances shall be one-half of 
the values given.) 

The maximum “sensibility reciprocal,” allowable at each of 
the loads specified above shall be twice the value of the toler- 
ance specified for the load in question. The sensibility reciprocal 
is a measure of the sensitivity of a balance, and is the weight re- 
quired to move the position of equilibrium of the beam, pan, 
pointer, or other indicating device of a scale a definite amount 
at the capacity or at any lesser load. For a complete definition 
of sensibility reciprocal see U.S. Bureau of Standards “Hand- 
book M 85, pp. 80-82. 

The tolerances in excess or deficiency on the weights in use 
in the fineness test shall be as follows: 


Weight 

T olerance 

Weight 

T olerance 

50 g 

0.04 g. 

0.500 g 

0.003 g. 

20 g 

0.02 g. 

0.200 g 

0.002 g. 

10 g 

0.014 g. 

0.100 g 

0.001 g. 

5 g 

0.010 g. 

0.050 g 

0.001 g. 

2 g 

0.006 g. 

0.020 g 

0.001 g. 

I g 

0.004 g. 

0.010 g 

0.001 g. 


The tolerances on new weights shall be one-half the values 
given. 

Proposed Additions to Article 33 

NOTE 2. — The scales used in weighing materials for neat cement and 
mortar mixes shall conform to the following requirements: On scales in use the 
tolerance at a load of 1000 g. shall be ±1.0 g. (The tolerance on new scales 
shall be one-half of the value given.) The sensibility reciprocal (See Section 
32, Note 1 (c) shall not be greater than twice the tolerance. 

The tolerances in excess or deficiency os the weights in use in weighing 
materials for neat cement and mortar mixes shall be as follows: 


Weight 

Tolerance 

Weight 

Tolerance 

1000 g 

0.5 g. 

20 g 

0.0s g. 

500 g 

0.3S g. 

10 g 

0.04 g. 

200 g 

0.20 g. 

5 g 

0.03 g. 

100 g 

0.1s g. 

2 g 

0.02 g. 

so g 

0.10 g. 

1 g 

0.01 g. 


The tolerances on new weights shall be one-half the values given. 

NOTE 3. — Glass graduates of 100-ml. to 200-ml. capacities used for 
measuring the mixing water shall be made to deliver the indicated volume at 
20'’C. (6S®F.). The tolerance on these graduates shall be ±1.0 ml. 

Proposed Addition to Article 35 

In addition to the above, the Vicat apparatus shall conform to 
the following requirements: 

Weight of plunger 300 g. zfc 0.5 g. (0.661 lb. ± 8 grains) 

Diameter of larger end of plunger..! mm. ±0.02 mm. (0.394 in. 
± 0.001 in.) 

Diameter of needle 1 mm. ± 0.01 mm. (0.039 in. ±0.CXX)5 in.) 

Inside diameter of ring at bottom 7 cm. ± 3 mm. (2.75 in. ± 

0.12 in.) 

Inside dia m eter of ring at top.. 6 cm. ± 3 mm. (2.36 in. ± 0.12 in.) 
Hei^t of ring 4 cm. ± 0,5 mm. (1.57 in. ± 0.02 in.) 
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Proposed Addition to Article 45 

In addition to the above, the Gillmore needles shall conform to 
the following requirements; 

Initial Needle: 


Weight 1/4 lb. ±8 grains (113.4 g. ±0.3 g.> 

Diameter 1/12 in. ±0.001 in. (2.11 mm. rt=002 mm.) 

Final Needle: 

Weight 1 lb. ±8 grains (4S3.6 g. = O.S g.) 

Diameter 1/24 in. ±0.001 in. (1.06 mm. r: 0 02 mm.) 


Proposed Addition to Article 47 

. . . The dimensions of the briquet molds shall conform to the 
following requirements: width of mold, between inside faces, at 
waist line of briquet, 1 in. ± 0.01 in., thickness of mold 1 in. ± 
0.004 in. The tolerance on new molds shall be one-half the values 
given. 


Present 

Article 

53 

The briquets shall be tested as soon as they are removed from 
the water. Tests may^ be made with any machine meeting the fol- 
lowing requirements: The machine shall be capable of weighing the 
applied load within O.S per cent of the nominal value. The sen- 
sibility reciprocal (the weight required to be added to the load to 
move the beam from a horizontal position of equilibrium to a p>osi- 
tion of equilibrium at the top of the trig loop) sh a ll not exceed 1 lb. 
at full capacity of the machine or at any lesser load. The clips for 
holding the tension test specimens shall be in accordance with Fig. 7. 
The bearing surfaces of the dips and briquets shall be free from 
sand or dirt, and the roller bearings shall be well oiled and main- 
tained so as to insure freedom of turning. The briquets shall be 
carefully centered in the clips and the load applied continuously at 
the rate of 600 lb. per minute. 


Proposed 

Article 

^2 

The briquets shall be tested as soon as they are removed from 
the water. Tests may be made with any machine meeting the fol- 
lowing requirements: The error for loads of not less than 100 lb. 
ghall not exceed ± 1.0 per cent for new machines or ± 1.5 per cent for 
used machines. The clips for holding the tension test specimens 
shall be in accordance with Fig. 7. The bearing surfaces of the clips 
and briquets shall be free from sand or dirt, and the roller bearings 
shall be well oiled and maintained so as to insure freedom of turn- 
ing. The briquets shall be careftiUy centered in the clips and the 
load applied continuously at the rate of 600 lb. ± 25 lb. i)er minute. 


Proposed Addition to Article 56 , „ ^ -r 

The relative humidity of the moist closet shall not be less than 

90 per cent. 


Numbering of articles: 

Due to inclusion of new Article 16, 
to be renumbered 17-58 inchisive- 


all numbers 16-57, inclusive^ 
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Present 

Article 


3 


Grading of Fine Aggregate 

Fine aggregate shall range in size from fine to coarse within the 
limits indicated below, percentage by weight: 

Passing through No. 4 sieve 100 per cent 

Passing through No. 50 sieve Not more than 30 per cent 

Not less than 10 per cent 
Passing through No. 100 sieve, when screened 

dry Not more than 6 per cent 

Volume removed by sedimentation Not more than 3 per cent 


Proposed 

Article 

3 

Fine aggregate shall range in size from fine to coarse within the 
limits indicated below, percentage by weight: 

Passing through No. 4 sieve 95 per cent 

Passing through No. 50 sieve Not more than 30 per cent 

Not less than 10 per cent 

Passing through No. 100 sieve, 

when screened dry Not more than 6 per cent 

Volume removed by sedimentation Not more than 3 per cent 


Present 

Article 

XI 

Reinforcement bars shall confonn to the areas and equivalent 
sizes shown in the following table: 

Sizes and Areas of Reinforcement Bars 


Size of Bar In. 

Area Sq. In. 

Round Bar 

Square Bar 

H 

0.110 


H 

0.196 

0.250 

H 

0.306 



H 

0.441 

.... 

H 

0.601 


1 

0.785 

1.666 

iH 


1.265 

154 


1.562 


Proposed 

Article 

II 

Size of Bars 

Reinforcement bars shall conform to the areas and equivalent 
sizes shown in the following table: 

Sizes and Areas of Reinforcement Bars * 


of Bar In. 

Area Sq. In. 

Round Bar 

Square Bar 

^ 

0.110 


54 

0.200 

0.250 

5^ 

0.310 


V4 

0.440 




0.600 


1 

0.790 

1.666 

154 


1.270 

154 


1.560 

54 

0.050 

.... 


♦Simphfied Practice Recommendation No. 26, effective Septem- 
ber 2, 1930. 



Present 

Article 

17 
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Amount of Water 
Class of Concrete 


Compression Strength 

Gallons of Water 

Lb. per sq. in. 2S da\'s 

Per sack of Cement 

3500 

5.00 

3000 

5.50 

2500 

6.25 

2000 

r.co 

1500 

s.co 


Proposed 

Article 

J7 

Amount of Water 
Class of Concrete 


Compression Strength 

Gallons 0 : Water 

Lb. per sq. in. 2S days 

Per sack of Cement 

3500 

5.00 

3000 

5.50 

2500 

6.25 

2000 

7.G0 


Present 

Article 

Time of Mixing 

The mixi ng of each batch shall continue not less than one min- 
ute after all the materials are in the mixer, during which time the 
mixer shall rotate at a peripheral speed of about 200 ft. per minute. 

Proposed 

Article 

Time of Mixing 

The mixing of each batch shall continue not less than one and 
one-half minutes after all the materials are in the mixer, during which 
time the mixer shall rotate at a peripheral speed of about 200 ft. per 
minute. 


Appendix B 

(2> PRINCIPLES OF DESIGN OF REINFORCED CON- 
CRETE ARCHES AND TRANSMISSION POLES 

M. Hirschthal, Chairman, Sub-Committee ; Hardy Cross, T. L. Condron, Theo. 
Doll, J. Lr. Harrington, A. C. Irwin, C. S. Johnson, A. R. Ketterson, A. 
N. Laird, J. F. Leonard, L. E. Ritter, C. P. Schsintz, L. W. Skov, A. W. 
Smith, G. L. Staley, I. F. Stem, C. C. Westfall, C. C. Williams. 

Your Committee reports progress on the subject of Concrete Arches and 
presents the following principles for the Classification and Design of Rein- 
forced Concrete Arches for Railroad Loadings, which are submitted as in- 
formation and for suggestions. This data will subsequently be utilized as a 
basis for the preparation of recommended specifications for the Design and 
Constmction of Reinforced Concrete Arches for Railroad Loadings: 

A 
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I..— CLASSIFICATION OF ARCHES 


Fixed or Hinged 

1. Arches may be classified as hinged or fixed. Hinged arches may have 
one, two or three hinges, but the one and two-hinged types are not recom- 
mended. The hinged type is the one generally in use in American practice. 

Form of Arch Ring 

2. Arches may also be classified in accordance with the form of the in- 
tradosal curve as semi-circular, segmental, multicentered, parabolic or 
elliptical.* 

* Footnote — ^In addition to the above forms or modifications thereof, there may be 
introduced short radius fillets tangent to the istradosal curve and to the face of the abut- 
ment or pier, to improve the appearance. 

Type of Spandrel 

3. The deck construction may be either the filled spandrel (wall) type or 
the open spandrel type. 


n.— DESIGN 

General 

1. The topography, ground structure, soil tests or rock borings, and local 
requirements such as clearances, location of span openings, will indicate fairly 
definite limitations upon which to base the preliminary^ design. In the case 
of large or important structures, alternate layouts of span arrangement should 
be considered from the standpoint of the physical requirements, economics, 
and appearance before adopting the layout for the final design. For appear- 
ance, there should preferably be an odd number of spans symmetrically ar- 
ranged in the structure, and, when conditions warrant a variation in the span 
lengths, the end spans should preferably be shorter than the central span or 
spans. 

In open spandrel construction, the spandrel deck slab, transverse walls, 
beams, columns and other members above the arch ring or ribs shall be de- 
signed for the maximum stresses produced by the combination of the dead 
load, live loads and impact, as provided by Sections 84 to 126 inch In special 
cases where the stresses produced are sufficient to materially influence the de- 
sign, consideration shall be given to tractive wind and centrifugal forces and 
the effect of temperature changes. 

In filled spandrel construction, the spandrel wall shall be designed as re- 
taining walls using the normal earth pressure of the filling material, together 
with such train load surcharge against the wall surface as provided for sur- 
charged retaining walls by Sections 136 to 138, inclusive. 

The arch ring shall be designed for the maximum stresses produced by 
the combination of the dead load, live load, impact, temperature and rib 
shortening stresses, and where the stresses produced are sufficient to materially 
influence the design, allowance shall be made for tractive, wind and centrifugal 
forces. 

Arch abutments and piers shall be designed for the most unfavorable 
combination of the forces and moments produced by the dead load, live load, 
temperature changes and rib shortening in the arch ring or rib. Consideration 
shall also be given to the stresses and foundation loads produced by wind, 
tractive and centrifugal and other forces. In long structures, piers at inter- 
vals shall be analyzed as abutment piers, for construction purpooses. 

Loads 

<a) Dead Load 

2 , The dead load shall consist of the entire estimated weight of the 
portion of the structure supported, including the member itself. The weights 
of unit quantities of various materials in use shall be assumed as follows 
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except in such cases as warrant a detailed investigation of the weights of the 
particular materials to be used by reason of special or unusual conditions or 
materials: 

Track rails and fastenings ISO lb. lin, foot of track 

Ballast 120 lb. cu. foot 

Reinforced concrete ISO lb. cu. foot 

Earth filling material 100 Ib. cu. foot 

(b) Live Load 

The m i n i m um live load for each track shall be the standard AJR.E.A. 
loading, or such portion thereof as will provide majriToum stress. 

In open spandrel construction, the deck dab, transverse beams, walls and 
columns shall be designed for concentrated live loads. The arch ring or ribs 
shall be designed for concentrated loads, applied at the points of support of 
the open spandrel construction. In determining the amount of the concen- 
trated live loads transmitted to such points, the equivalent uniform live load 
may be used, so placed as to produce maximum stresses at the section under 
consideration. 

In filled spandrel wall construction the equivalent uniform live load maj' 
be used for the design of the arch ring, so placed as to produce maximum 
stresses at the section under consideration. In calculating the maximum 
stresses due to live load when two, three or more tracks are loaded simul- 
taneously and supported by a section of arch ring between longitudinal ex- 
pansion joints and the foUo’W'ing percentages of the specified live loads shall be 
used. 


For two tracks 93 per cent 

For three or more tracks SO per cent 


(c) Impact 

The dynamic increment of the live load stresses shall be added to the 
maximum computed live load stresses. The amount of this impact shall be as 
follows: 

( L ) 

I — K L 

( L^D ) 

as provided in Section 180. 

Impact shall not be added to stresses produced by longitudinal, wind or 
centrifugal forces. 

(d) Wind Forces 

Wind forces need generally not be considered in the design of the arch 
proper or the spandrel portion of the structure except in special cases of long 
spans or arches having a large rise with respect to its span. 

Wind forces shall be considered in the design of piers and abutments. 

In such cases the wind forces to be us^ shall be in accordance with 
specifications for steel bridges of the American Railway Engineering Associa- 
tion insofar as applicable. 

(e) Tractive Forces 

Longitudinal or tractive forces shall be considered only in case of open 
spandrel construction in the design of arch piers and abutments, in an amount 
equal to 10 per cent of the live load on the loaded portion of the span, ap- 
plied at the top of the spandrel deck slab. 

(f) Centrifugal Force 

Structures located on curves shall be designed for the centrifugal force ox 
the live load, applied at a height of six (6) feet above the top of rail. It 
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shall be considered as a moving load based on the maximum train speed, and 
shall be taken equal to a percentage of the live load as provided in the Ameri- 
can Railway Engineering Association’s Specifications for Steel Bridges. 

Unit Stresses 

3. The unit stresses to be used in the design of the spandrel portion of 
the arch structure shall be as provided for corresponding members under the 
“Design” Section of the General Specifications. These unit stresses shall also 
be used for the design of the arch ring based on the maximum stresses ex- 
clusive of temperature and rib shortening, provided, however, that these unit 
stresses shall not be exceeded by 25 per cent in analyzing the added stresses 
caused by temperature and rib shortening. 


Exhibit A 

SPECIFICATIONS FOR DESIGN OF CONCRETE TRANSMISSION 

POLES 

1. The pole is to be designed for the loads it has to withstand. 

2. For sleet loads, a coating of ice 54 inch thick shall be taken making 
an increase of one inch in the diameter of aU wires, cables and hangers. 

3. Wind loads shall be taken as eight pounds per square foot on projected 
areas of ice coated wires, cables and hangers or fifteen pounds per square foot 
on projected areas of bare wires, cables and hangers. The wind load on poles 
shall be taken as thirty pounds per square foot of projected area. 

4. The range of temperature to be considered shall be taken from the 
appropriate weather bureau reports. 

5. The pole may be circular in cross-section or be polygonal with an even 
number of sides. It shall have a gradual taper of not less than 1/10 inch per 
foot on each face or each element if circular in cross-section. 

6. The top of the pole shall be not less than six inches in diameter or in 
distance between parallel faces of polygon, 

7- The pole shall be imbedded not less than six feet into a concrete foun- 
dation below the surface of the ground, except under special soil conditions. 

8. The general theory of reinforced concrete beams and columns shall 
apply in the design of the pole, 

9. The concrete shall have a minimum compressive strength of 3500 lb. 
per square inch at twenty-eight days. The extreme fibre stress in flexure shall 
not exceed 1200 lb. per square inch in compression. 

10. The ratio of modulus of elasticity of steel to that of concrete shall be 
taken as ten. 

11. The i^forcing steel shall conform to the American Railway Engi- 
neering Association spedflcations for Intermediate Grade of Reinforcement 
Bars. The allowable working tensile stress shall not exceed 16,000 lb. per 
square inch. 

12. Reinforcement rods shall be uniformly spaced and no steel shall be 
closer than ^ inch from the surface of the concrete. 

13. With all wires broken on one side and the wires covered with ice, tak- 
ing wind pressure into consideration, or 2000-lb. unbalanced pull, the allowable 
unit stresses may be increased 40 per cent. 
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Appendix C 

(3) PROGRESS IN THE SCIENCE AND ART OF CON- 
CRETE MANUFACTURE 

L. W. Walter, Chairman, Sub-Committee; Kennerly Bn-'an, Jr., Hardy Cross, 

T. L. D. Hadwen, L. V. Haegert, W. K. Hatt, A. C. Iruin, G. M. John- 
son, J. A. Lahmer, J. P. Mack, D. A. Ruhl, F. E. Schail, J. H. Titus, 

C. A. Whipple, P. H. Winchester, J, J. Yates. 

The last report of the Sub -Committee, as incorporated in the 1930 report 
of the Committee on Masonry, embodies a discussion of the factors which are 
of special concern in the production of concrete of a qualitj’ calculated to 
render satisfactory performance in service. Reference to that report will sug- 
gest factors which were then and are now too often neglected in the control 
of field operations. During the past year, the Sub-Committee has endeavored 
to maintain contact with various organiaations and societies which, through 
special bureaus or committees, are organized to obser\’e and study the per- 
formance of concrete structures in service and to carry on research work, 
the result of which gives promise of material aid in the solution of problems 
under study. 

In dealing with fundamental requirements for concrete, namely, Strength, 
Durability and Economy, a study of the factors affecting the durability of 
concrete is by far the most involved. 

The schedule of work as now outlined to deal with factors affecting the 
durability of concrete follows: 

(1) Best method of tests for determining the suitability of fine and 
coarse aggregates for use in concrete. 

(2) Cement-density relation. 

(3) Density-durability relation. 

(4) The minimum amount of cement per cubic yard of concrete and the 
maximum amount of water per bag of cement for use in concrete in 
flikflii soils in sea water and in structures exposed to severe weather 
conditions in freezing climate. 

(5) Proper curing and its value as affecting density and durability. 

(6) Causes, effects and methods for control of water gain. 

(7) Segregation of materials other than water in concrete. 

TENTATIVE SPECIFICATIONS AND TEST FOR HIGH EARLY 
STRENGTH PORTLAND CEMENT 

A.S.TM. DESIGNATION C 74-30 T 

The A>.S.TJVI. Tentative Specifications and Tests for High Early Strength 
Portland Cement must meet the requirements in the definition for Portland 
Cement. They are identical in all respects with the present A.S.TJM- Standard 
Specifications and Tests for Portland Cement with the following exceptions; 

1. The Tnn-giTirmTn allowable sulfuric anhydride (SO#) is 2.50 per cent as 
against 2 per cent for standard Portland Cement. Stipulation is made that 
the sulfuric anhydride content shall be reported as 2.50 per cent when aB 
results are in excess of the specified limit but within the permissible varia- 
tion of O.IO per cent. 
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2, The strength requirement is based on 1 and 3 -day tests. The 
miniTnum strength requirement in standard briquette test is 275 pounds per 
square inch after storage in moist air for one day, and 375 pounds per square 
inch after storage one day in moist air and two days in water. The specifica- 
tions also contain the following provision: 

“If, at the option of the purchaser, a 28-day test (with storage 
of one day in moist air and 27 days in water) is required, the average 
tensile strength obtained at 28 days shall be higher than the strength 
obtained at three days.” 


Appendix D 

CONTACT WITH JOINT COMMITTEE ON STANDARD 
SPECIFICATIONS FOR CONCRETE AND 
REINFORCED CONCRETE 

C. P. Richardson, Chairman, Sub-Committee; M. Hirschthal, A, R. Ketterson, 
J. F. Leonard. 

During the past year the Joint Committee has been reorganized and re- 
sumed active work on the revision and enlargement of its report of August 
14, 1924, published in A.R.EA. Bulletin 269, dated September, 1924, with the 
following representatives of this Association as appointed by its Board of 
Directors: 

M. Hirschthal 
A. R. Ketterson 
J. F. Leonard 
J. B. Hunley 

C. P. Richardson, Chairman 


At its initial meeting of the Joint Committee, held on June 26, the fol- 
lowing organization was perfected: 


Prof. W. A. Slater, Chairman 
S. C. Hollister, Vice-Chairman 
F. R. McMillan, Secretary- 
Treasurer 


Executive Committee 
Prof. W. A. Slater, Chairman 
S. C. Hollister 
C. M. Chapman 
F. R. McMillan 
C. P. Richardson 


At its second meeting, held on October 2-3, Rules and By-Laws were 
adopted and all sub-committees organized to immediately proceed with their 
assignments. 

All members of the Association are requested to submit any suggestions or 
criticisms of the former Joint Committee Report directly to the Association 
representatives. 

The next meeting of the Committee was scheduled for Februar3’', 1931. 
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Appendix E 

(6) WATERPROOPING AND DAMPPROOFING 

J. A. Lahmer, Chairman, Sub-Committee; J. T. Andrews, G. E. Boyd, Theo. 

Doll, L. V. Haegert, A. D. Harvey, C. S. Johnson. C. R. Montcomeiy*. 

D. A. Ruhl, F. E. Schall, C. P. Schantz, L. W. Skov, J. H. Titus, L. \V. 

Walter, C. A. Whipple, C. C. Williams. 

Much of the trouble arising in concrete structures is traceable to water 
penetrating the structure. It is important for the preser^^ation of concrete 
that water be excluded from its interior where exposed to freezing tempera- 
tures. Even in climates where freezing weather is not encountered contained 
water can give rise to considerable volume changes within the mass of the 
concrete and this is multiplied many times in climates where freezing and 
thawing is encountered. 

The various means at present commercially available to protect concrete 
are: (1) Integral, (2) Plaster Coat, ( 3 ) Membrane, Paint Coat. (S> Plas- 
tic Coat. 

Of these methods the first two, namely, the Integral and the Piaster Coat 
methods have been longest known. They have been thoroughly tried out and 
have been either abandoned or are used only where exposure conditions are 
not severe, and where appearance is not a consideration. 

A plain hot mopping of bitumen applied to any masonry’ structure ex- 
posed directly to the elements may not prove satisfactory’ because it may* not 
stay in place and will not be able successfully to resist local stresses. By in- 
corporating a membrane, preferably’ an open mesh membrane, within the hot 
mopped bituminous applications several v'ery’ important advantages are 
secured. The functioning of the membrane is purely’ mechanical and in itself 
it of course has no waterproofing value. It does, how’ever, perform an ex- 
tremely valuable function by acting as a retaining and reinforcing grid w’hich 
holds the bituminous waterproofing material permanently in pjosition and 
serves also to distribute over a large and varied area any’ local stresses which 
may be thrown upon the membrane. 

The membrane methods may be roughly classified as felt membranes and 
cloth membranes; a further subdivision is necessary’ as to the bitumen used. 
The bitumen may be either coal tar pitch or asphalt. Of the two available 
bituments the use of coal tar pitch is steadily decreasing while the use of 
asphalt is steadily increasing. 

In asphalts there exist every’ conceivable gradation of composition and 
properties. The consistency varies from that of molasses to that of anthracite 
coal. The melting point and susceptibility to temperature changes, the co- 
hesion, adhesion, and the ductility of asphalts may be varied by’ almost im- 
perceptible degrees. 

In general for waterproofing purposes it is a safe rule to use the softest 
asphalt consistent with a high melting point, of a given grade, which can be 
held in place. This permits securing high chemical stability and the ma x i m um 
ductility and adhesion thus insuring that the material will remain in place 
and hence have a long effective service life. The most effective specification 
for an asphaltic waterproofing material balances the various desirable proper- 
ties against the disadvantages which any one of these properties in too high a 
degree would entail. 
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The use of felt is decreasing while the use of pure cotton fabric is very 
rapidly increasing. Burlap as a waterproofing membrane has been practically 
abandoned. 

In connection with the type of cloth it is beginning to be considered that 
a heavy weight is neither necessary nor desirable in a cotton fabric to obtain 
the necessary strength and it is further considered that an open mesh fabric 
possesses considerable advantage over the closed mesh type. These advantages 
reside in the fact that the open mesh permits the escape of air during the 
operation of la3dng the fabric into the hot mopped asphalt and in the fact 
that the overlying and underlying layers of hot mopped asphalt penetrate the 
open meshes of the fabric thereby forming a continuous blanket of water- 
proofing asphalt. With the felts and closed mesh cotton fabrics these ad- 
vantages are not realized. A closed membrane divides the waterproofing 
blanket into separate layers of bituminous material, each layer functioning 
separately and being imable to aid or support the bitumen separated from it 
by the closed membrane. 

Although the felt possesses considerable tensile strength it has very little 
elasticity or ability to resist without rupture any tendency toward elongation; 
therefore, instead of serving to distribute a local stress it is apt to yield 
locally to thig stress, resulting in a crack corresponding to the masonry crack 
and extending through the waterproofing blanket. On the other hand the 
cotton fabric being highly elastic in every direction distributes and absorbs 
a local stress over a very considerable area on either side of the line where the 
crack is occurring in the masonry and will tend to prevent a crack forming in 
the waterproofing blanket. 

The cotton-asphalt blanket when properly applied in two or more plies 
may be so constructed as to resist successfully a reasonable amount of 
hydrostatic head and this cotton-asphalt membrane should be used wherever 
high water pressures are to be resisted. 

On the other hand, there are many cases where conditions of exposure are 
much less severe and seldom go beyond the point of exposure to water with- 
out pressure or mere exposure to dampness or high humidity. The protection 
of concrete structures against such comparatively mild conditions is usually 
referred to as dampproofing in contradistinction to waterproofing to withstand 
pressure. 

In the paint coat method reliance is placed upon the application by brush 
or spray of a thin surface coating of some protective material. This material 
may be either penetrative or nonpenetrative. The present day practice seems 
to incline rather to the nonpenetrative class of material. 

The penetrative applications consist mainly of a bitumen or other water- 
proofing material dissolved in a thin solvent. The theory of this method is 
that the penetrative solvent will carry the particles of waterproofing material 
into the pores of the concrete and will there deposit them in such a manner 
as completely to fill these pores. This theory is decidedly faulty as may be 
readily seen by visualizing what actually takes place. At the end of the 
penetrative process the pores are more or less completdy filled with solvent 
carrying only a very little waterproofing agent in solution. The next step is 
an evaporation of this solvent and when the solvent leaves, the concrete and 
the pore space formerly occupied by this solvent is necessarily left void. 
Therefore, the only effective part of a penetrative application is that which 
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remains on the outer surface and doK not penetrate at all. This being the 
case there would seem to be no reason for attempting to secure penetration 
and it would seem best to rely from the beginning on a continuous impervious 
coating which is placed on the outside of the concrete and which will remain 
in permanent adhesive contact therewith. 

The nonpenetrative or partially penetrative paint coating materials may 
be divided into the two broad classes of cut-backs and emulsified products. 
The cut-backs consist of suitable coal-tar pitch or asphalt (fluxed if neces- 
sary) cut-back or dissolved with a sufficient amount of a suitable solvent to 
bring the mixture to the proper consistency for application- A combination 
of hard bitumen and light solvent will give a quick dr^Tng material leaving in 
place a hard, glossy and inelastic film. The more usual combination of a very 
soft asphalt and a heavy’- solvent will give a very slow diying application 
which will remain tacky for months and will eventually leave a coating of 
soft and very adhesive bitumen. There are innumerable possible combinations 
between these extremes. 

The particular advantages of the cut-back products are their low cost 
and their ease of application. A poorly prepared cut-back product is very 
difficult to detect and does not provide adequate protection. Further dis- 
advantages of the cut-back materials are the inflammable nature of the 
solvents and the toxic character of some of them. 

As opposed to the cut-back products the ‘emulsified products contain no 
solvent. The asphalt or other bitumen exists in the form of minute particles 
suspended in a non-solvent vehicle which is usually water. An emulsifying 
agent is always necessary. 

The advantages of using emulsified asphalt coating are (1) that it is 
applied without heating, (2) that it will adhere to damp surfaces better than 
cut-backs and (3) that it can usually be spread on thicker than cut-backs. 
Emulsified asphalt must be protected from freezing before application. After 
it is applied it must be protected from freezing until it sets by the evapora- 
tion of the contained water. 

Plastic coat dampproofings consist of the same materials used for paint 
coatings to which have been added varying amounts of fibre or mineral 
filler for the purpose of thickening them to any consistency up to that re- 
quired for troweling. The most usual and best filler is asbestos fibre. This 
stiffer consistency permits application in considerably thicker coats than a 
mere paint or spray coat and consequently a much thicker film of effective 
coating is obtained. The advantage of plastic coatings over paint coatings is 
that owing to thar greater thickness they contain a much larger body of pro- 
tective material. 

The specifications for membrane waterproofing which were prepared and 
tentatively approved by the Masonry Committee in 1928 have been con- 
sidered this year by representatives of Committee VI, Buildings; Committee 
Vm, Masonry, and Committee XV, Iron and Steel Structures, Agreement 
was reached except with reference to types of membrane to be included and 
some of properties to be prescribed for materials. 
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Appendix F 

(9) METHODS OF REPAIRING DETERIORATED 
CONCRETE 

A. C. Irwin, Chairman, Sub-Committee; G. E. Boyd, Kennedy Brj'an, Jr., 

T. L. Condron, L. V. Haegert, D. A. Ruhl, C. P. Schantz, G. L. Staley, 

I. F. Stem, J. H. Titus, P. H. Winchester, J. J. Yates. 

Repairs to deteriorating or disintegrating concrete should be made not 
only for the purpose of restoration but also to prevent continuation of the 
difficulty. Knowledge of the cause or causes of deterioration in each case is 
therefore necessary before adequate plans and specifications can be drawn. 

Deterioration due primarily to overload does not come under the scope of 
this report but weakening due solely to deterioration may properly be con- 
sidered. 

The immediate cause or causes of much of the deterioration of concrete 
is freezing of contained water and this condition can often be traced to in- 
adequate drainage. Perfectly dry or slightly moist concrete is little, if any, 
affected by low temperature with the exception of normal contraction. Cracks 
produced by contraction only are often more unsightly than serious but dis- 
integration due to the expansive action of frost can be permanently repaired 
only after removing the conditions responsible for moisture saturation. 

Water held by filling material behind or between walls, fed through 
porous concrete to surfaces exposed to cycles of freezing and thaw’ing, present 
most favorable conditions for deterioration. Aggregate that break up from 
cycles of freezing when saturated with water, will dismpt the binding paste 
and cause disintegration. Renewal of the disintegrated portion with new’ con- 
crete of better qualitj’ w’ill often simply transfer the trouble to another part 
of the surface unless saturation of it is prevented. Repairs to such surfaces 
must be accompanied by proper drainage or effective waterproofing or both. 
Attempts to provide adequate drainage are often failures because of outlets 
so placed and located that they become plugged up or because of insufficient 
drainage channels. 

Methods of repairing and restoring concrete structures may be grouped 
under the foUow’ing main sub-divisions; 

<A.) Coatings (not exceeding ^ inch in thickness) 

(B.) Patching (not less than ^ inch in thickness) 

(C.) Encasement (not less than 2 inches in thickness for 
gunite and 4 inches for concrete cast in forms) 

Combinations of these general methods, or one of them alone, may be 
used in connection with 

(D.) Consolidation. 

(A.) COATINGS (Not Exceeding ^4 Inch in Thickness) 

Paints 

(1) The use of paints is more in the nature of a preventative than a 
restoration. Surface coatings have, however, been used to a certain extent as a 
repair measure in the case of surface deterioration that has penetrated the 
body of the concrete by a very small distance. In such cases the deteriorated 
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concrete is removed and the exposed sound surface covered "with a sealing 
material. In general, this method should be considered only temporar>'. 

Surface coatings are also used to seal the surface of patches or encase- 
ments and thus constitute a part of the repair work. 

Little information is available about the respective merits of the various 
paints offered for sealing the surface of concrete. It is felt, however, that 
none of these can be considered permanent. One of two theories is usually 
the basis for promotion of paint coatings. The coating is supposed to fill 
the surface pores or to form a membrane over them. Both of these claims 
are advanced for many of the coatings offered for sale. 

Gunite and Plaster 

(2) The successful use of a thin coating of mortar to protect poor con- 
crete depends upon the ability to secure an intimate bond with the old con- 
crete and upon ability of the coating to prevent moisture in quantity from 
passing through it. If the surface of the old concrete is comparatively sound, 
a coating of to ^ inch of gunite, cement plaster or stucco will usually 
prevent passage of water applied to the surface without pressure. 

Several fimdamental principles, controlled almost entirely by the skill and 
experience of the workmen, must be followed. A clean, sound, and roughened 
surface of concrete must first be obtained and any reinforcement exposed in 
this oi)eration should be cleaned of rust or scale. The surface to be coated 
should be nearly saturated with w’ater just prior to application of the coating 
material. The first coat should be projected against the surface in such a way 
as to secure intimate contact with the surface and fill all depressions in it im- 
mediately on application. Over troweling of the first coat usually “drags” 
the material and pulls it from the depressions, thus preventing adhesion of the 
material through its ability to grip the protuberance in the hardening process. 

Material for hand patching may well be allowed to stand for an hour or 
more after iniriTig before applying. This reduces the shrinkage and tendency 
to craze. The “retempering” can be continued up to any period such that 
the mortar can be reworked to a plastic consistency. This period of time 
w-ill depend on the cement, temperature and ratio of w'ater to cement. 

In all cases the coating should be given moist curing in order that bond 
and strength may be developed in the coating. 

Failure to fully carry out the above fundamentals will result in spalling 
off of the plaster coating. Faithful observance of them in the repair of sur- 
face deterioration due to ordinary weathering, may be effective at minim um 
expense. However, such work should not be attempted unless positive 
assurance ca n be had that it will be properly done. 

(B) PATCHING (Not Less than ^ Inch in Thickness) 

Successful repairs to concrete surfaces made by patching depend upon 
observance of the same fundamentals that govern the application of cement 
mortar coatings. They are: 

1. Removal of all loose material, all rust or scale from any 
exposed reinforcement and exposure of sound concrete. 

2. Cleaning and roughening the surface. 

3. Saturation of the old surface with wrater just prior to 
patching. 
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4. Use of sufficient reinforcement propeily placed. 

5. Application of the first coat of patching material with 
force. There must be no air or dust film between the 
patch and the old surface. 

6. No disturbance of the applied material of the first coat 
unless that disturbance will provide a more intimate con- 
tact. 

7. Curing the patch. 

The necessity of these requirements is apparent. The patch must have 
sound material to which to adhere. The surface of the old concrete should 
be rough to provide numerous protuberances that will be gripped when the 
patching material contracts in the process of hardening. The concrete to be 
patched must be saturated with water so that contained water in the new 
material will not be absorbed by the old concrete, thus robbing the patching 
material of water necessaiy for the attainment of strength and consequently 
preventing bond at the very place where it is most essential. The first coat 
of the patching material should be applied with force (compressed air or 
throwing) so as to cause it to fiU all the depressions and completely surround 
the protuberance of the old surface. Attempts to work in the first coat by 
troweling often result in “dragging” and impaired bond. The intimate con- 
tact of gunite applied to old concrete is one of the chief reasons for successful 
use of cement guns in repairing concrete. If a paint coat of neat cement 
grout is used previous to application of the patching material, it must be 
applied immediatel y before the patching material. A film of dry cement 
prevents rather thajT promotes bond. 

Moist curing of a patch should be continuously carried out for a period 
of 10 days. The patch should be protected from the direct rays of the sun. 
Burlap covering or tarpulins to prevent evaporation of the moisture should 
accompany application of w^ater at sufficient intervals to prevent the surface 
from becoming dry. The hardening process stops when the concrete dries out. 

Patches should not be feather edged, but rather the boundaries of the 
patch should be cut square or xmdercut. Thin feather edges will usually 
flake off and contribute to deterioration of the entire patch. 

Reinforcement of patches is usually but not always advisable.. If the 
patching extends over a relatively large area and varies in thickness between 
^ inch and inches, reinforcement had best be omitted. It is difficult to 
hold reinforcement to correct position in thin patches and the use of dowels 
for that purpose is excessively expensive. Reinforcement too dose to the sur- 
face is subject to corrosion with consequent expansion and thus promotes 
rather than prevents deterioration. 

In patches of considerable thickness, and particularly if they are to con- 
tribute strength, reinforcemiwit should be used. Wire mesh or bars securely 
fast^ied to dowds are recommended . Tlie dowels may consist of expansion 
bolts or anchor bolts and should provide for a more positive fastening of the 
reinforcement than the simple wiring required merely to hold it in place dur- 
ing concreting. A positive fastening is obtained by providing threaded ends 
of bolts and two nuts between which the reinforcement may be clamped, or by 
other effective means such as hooked' or U-bolts. Reinforcement should be 
not closer to the surface than 1 inch and should preferably have not less tb aji 
2 inches clear embedment. 
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Ordinarily, patching with cement guns is superior to hand patching be- 
cause of the automatic limitation of the water content and forcible applica- 
tion of the material, but hand patching should be satisfactory if con- 
scientiously done by experienced workmen. 

Where patching is quite deep and extensive, successful results can be ob- 
tained by setting up forms and ramming a low water ratio concrete into 
them. The ramming in this case supplies the pressure necessary for intimate 
contact of the new with the hardened concrete. All the other fundamentals 
above listed should be observed . 


(C.) ENCASEMENT (Not Less thax 2 Inches in Thickness for Gitnite 
AND 4 Inches for Concrete Cast in Forms) 

Encasement of an entire structure or part of a structure is resorted to 
only w’hen deterioration is general. Where deterioration is general, the cause 
will usually be found in a combination of lean mixes, excess water, no curing 
and, in many cases, unsound aggregates — ^all subjected to severe conditions of 
water saturation and c\’cles of freezing and thawing or the action of acids or 
alkalis. If the encasement is to be permanent, these conditions must be cor- 
rected. 

In general, the mix should have a W’ater ratio not in excess of 6 gallons 
per sack of cement; the consistency must be such that, whatever the condi- 
tions encountered in placement, the encasing concrete should be given moist 
curing for at least 10 days — and this means continuously for that time. 
There should be no question about the soundness of the aggregates. 

Preparation of the surface for encasement is much the same as for 
patching. 

Encasement w-ill usually strengthen the structure if anchored to it in a 
positive manner and provided with reinforcement. 

An old structure will, of course, have acquired practically all of its 
volume change due to shrinkage in hardening. When this old structure is en- 
closed in new concrete, the latter will undergo shrinkage on removal of 
moist curing and grip the old structure in a way somewhat analogous to an 
embedded reinforcement bar. 

Reinforcement of encasing concrete should be proportioned and posi- 
tioned to minimize and distribute cracking due to shrinkage. It should be 
placed near the outside face but not closer than 2 inches to it if the encase- 
ment is 5 inches or more in thickness. In other than round or continuously 
curved structures the reinforcement should be increased in amount at the 
comers. 

In order to prevent appreciable shrinkage stresses until the concrete has 
hardened sufficiently to develop bond on the old concrete and the reinforce- 
ment as well as to acquire a definite modulus of elasticity, the encasement 
should have continuous curing for as long a period as practicable, but not 
less than 10 days. 

The encasement must be so designed and constmcted as to prevent 
moisture saturation of the old concrete behind the encasement unless the 
climate and thickness of encasement are such as to prevent freezing at the old 
surface. This often means that the encasement must be carried over the top 
of the old structure as well as around it. If there is any doubt as to the 
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efficiency of the top concrete encasement in preventing water from penetrating 
between the old and new concrete, some form of effective waterproofing 
should be applied over the top surface. Bad drainage conditions should al- 
wa3rs be greatly improved or completely cured. 

Encasement for the purpose of increasing the original strength as well as 
restoring the structure usually requires a special design to determine the 
amount, location and anchorage of reinforcement in order to assure integral 
action of the new and old parts. 


(D.) CONSOIJDATIOX 

Consolidation of old concrete by internal grouting holds much promise 
in making repaid to defective concrete permanent. Excessive porosity, leaky 
laitance joints and cracks, as weU as internal and surface honeycombing have 
been successfully sealed by this method. If the mass can be completely 
plugged by internal grouting the structure itself will be proof against percola- 
tion of water, and treatment of exposed surfaces to protect poor aggregate 
and weak paste can be made effective without recource to expensive drainage 
improvement or waterproofing. 

In general, internal grouting has been done by boring holes at laitance 
fill planes, leaky cracks or porus areas and forcing grout into the bass of the 
concrete. Compressed air has been extensively used to push and carry the 
grout into the interior void spaces. Special apparatus has been developed 
and patented for this purpose. Successful sealing of structures subjected to 
considerable water pressure has been accomplished by this consolidation 
process. Its success in stopping deterioration lies in prevention of water 
saturation of the concrete by the most direct means, namely, making the con- 
crete itself watertight. 





REPORT OF COMMITTEE IV— RAIL 


Earl Stimson, Chairman; 
Lem Adams, 

J. E. Armstrong, 

W. J. Bacees, 

J. B. Baker, 

F. L. C. Bond, 

N. J. Bottghton, 

C. B. Bronson, 

E. E. Chapman, 

W. C. Cushing, 

C. T. Dike, 

W. A. Dufp, 

J. M. Farrin, 

L. C. Fritch, 

F. M. Graham, 

E. A. Hadley, 

C. R. Harding, 

G. W. Harris, 

B. Herman, 


A. F. Blaess, Vice-Chairman; 

L. J. Hughes, 

C. W. Johns, 

H. C. Mann, 

Hunter McDonald, 

R. Monteort, 

J. V* Xeubert, 

A. W. Newton, 

R. L. Pearson, 

W. H. Penfield, 

G. J, Ray, 

A. N. Riiece. 

R T. SCHOLES, 

G E. Tebbetts, 

J. R. Watt, 

J. E. Willoughby, 

W. P, Wlltsee, 

Louis Yager, 

J. B. Young, 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith reports on the subjects 
assigned, as follows: 


(1) Revision of Manual (Appendix A, Exhibits A to D incl.). 

(2) Details of mill practice and manufacture as they affect rail quality 
and rail failures, ghing special attention to transverse fissure failures, col- 
laborating with the Rail Manufacturers’ Technical Committee (Appendices B 
and C). 

(3) Compilation of statistics of all rail failures, making special study of 
transverse fissure failures (Appendices B and E). 

(4) Cause and prevention of rail battering, collaborating with Committee 
V — ^Track (Appendix F, Exhibits A, B and C). 

(5) Economic value of different sizes of rail. (Committee reports 
progress) . 

(6) Specifications for spring w’ashers, collaborating with Committee V — 
Track. (Committee reports progress). 

(7) Compilation of information of tests of alloy and heat-treated carbon 
steel rails, collecting from railways records of such tests (Appendix G, Ex- 
hibits A and B). 

(8) Branding of tee rails, with a view toward standardization, collaborat- 
ing with Committee V — ^Track (Appendix A, Exhibits E and F) . 


Action Recommended 

(1) That revisions of Form 402-C and 402-E as shown in Appendix A, 
Exhibits A and C, be approved and substituted for present Form 402-C and 
402-E in the Manual. 

(2) That new Form 402-C (a) and 402-E (a) shown in Appendix A, 
E^diibits B and D, be approved for inclusion in the Manual. 

(3) That present Form 402-F be discontinued, 

(4) That recommendations in Appendix A and Exhibits E and F, 
covering branding and stamping practice be approved for inclusion in the 
Manual. 


Bulletin 333, January, 1931. 
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(5j That the remainder of Appendix A relating to Form 402 -A, Defini- 
tion of Number 2 Rail and Specifications for Intermediate Manganese Steel Rail 
be received as information. 

(6) That recommendations in Appendix A, regarding Design of Track 
Bolts be approved for adoption and printing in the Manual. 

(7j That reports in Appendices B and C be receiv'ed as information. 

(8) That reports in Appendices D and E be received as information. 

(9) That report in Appendix F, Exhibits A. B and C, be received as in- 
formation. 

(10) That report in Appendix G, Exhibits A and B, be received as in- 
formation. 

Respectfully submitted, 

The CoxixriTTEE ox R.\il, 

Earl Stimsox, Chairman. 


Appendix A 

(1) REVISION OF MANUAL 

A. F. Blaess, Chairman, Sub-Committee ; W. J. Backes, C. B. Bronson, 
L. C. Fritch, E. ,A. Hadley, G. W. Harris, R. Montfort, R. L. Pearson, 
W. H. Penfield, G. J. Ray, W. C. Barnes. 

Form 402 A — Report of Rail Failure in Main Track (see Manual, pages 
180-181). 

The changes proposed in Forms 402 C and 402 E drew the attention of 
the Committee to this form, and it was found there are three different styles 
of this form in general use by railroad members of the Association. Com- 
mittee recommends that the question of drawing up one form that might be 
found acceptable to all railroads be assigned to it for investigation and report 
during the ensuing year. 

Form 402 C — ^Rail Failures for Year Ending (see Manual, pages 

186-187). 

^ Present form is of a very unwieldy size for filing and certain changes are 
desirable in the data called for on form, among these being a change in the 
termination of the report year from October 31st to December 31st, and the 
addition of a column to show failures found by the Detector car. It also 
seems desirable to have the instructions for filling in the form printed 
separately. 

Copies of proposed revised form 402 C and of the proposed new instruc- 
tion form 402 C (a) are attached hereto, and Sub-Committee recommends 
their adoption. (See Exhibits A and B). 

Form 402 E — Statement of Transverse Fissure Rail Failures (see Manual, 
page 185). 

Some ambiguity arises in connection with mill designation under this 
form, also a column should be added for failures found by the Detector car. 
It also seems desirable to have the report year end on December 31st instead 
of January 31st, as at present, to agree with the report year recommended for 
Form 402 C, also to have the instructions for filling in this form printed 
separately. 

Copies of proposed revised form 402 E and of the proposed new instruc- 
tion form 402 E (a) are attached hereto and Committee recommends their 
adoption (see Exhibits C and D). 



Form 402 F — !Manufacturlnc: Record of Tcan- verse Fir::-rL- R^il Heals sac 
Proceedings, Vol. 24, 1923, page 9:^i. 

This form no longer serves an}- useful purprsj and ha- lean ra.ttad fr, -m 
the Manual, but through oversight the qucstiLn v.as n- t s'ui, milted to the 
Convention for formal approval. The Committee recemmeras d:s:inl:n-junce 
of this form. 

Revision of Definition of No. 2 Rails — ^The C*.mniittee recimmends 

that the present definition be retained. 

Preparation of Specifications for Intermediate Manganese Steel 
Rail 

The Committee recommends that the suggested specifications sbov^m in 
the Committee report of March, 1930 (see Bulletin 32a, page 1472,, be re- 
tained and no modification be made therein until further experience with this 
material indicates definite changes or additions needed. 

Design of Track Bolts 

Attention is called to Supplement to the Manual of 1929, Bulletin 329, 
July, 1930, page 17, which corrects certain tv-pcgraphical errors appearing in 
the Design for Track Bolts adopted last year and appearing in Bulletin 324. 
February-, 1930 and in Volume 31, Proceedings for 1930, page 1-163. 

The Committee recommends that Note 3 to Table 3 — Square and Hexa- 
gonal Nuts for Track Bolts” be changed from “The recessed type of nut shall 
have a recess of J i inch” to read “The recessed type of nut shall have a recess 
of 5^ inch minimum and 3/16 inch maximum’’; to agree with like revision 
since made in the American Standards Association designs. 


(8) BR.\NDING OF TEE RAILS, WITH A ^TE\V TOWARD 
STANDARDIZATION 

Branding — Exhibit E attached shows typical branding with data to be 
given and order of arrangement. 

Stamping — ^Exhibit E shows typical stamping recommended, and Ex- 
hibit F shows complete list and design of letters and numerals. 

The Manufacturers’ Committee, through its Chairman, F. \V. Wood, has 
agreed to conform to the stamping and branding practice here recommended, 
provided same are approved by the American Railway Engineering Associa- 
tion. 


It is expected that the mills will change their branding practice to con- 
form to the recommended practice only at such times as new rolls are made, 
or old rolls are redressed, but that they will change their stamping practice to 
conform to the recommended practice as soon as practicable after being notified 
that the recommended practice has the approval of the Association. 
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AMERICAN RAILWAY ASSOCL\TION 
Division IV — ENGiNEEfiiNo 

Instructions for Filling in Rail Failure Form 402-C 


Exhibit B 

Form 402-C(a^ 
Issued 193: 


1. Statistics are desired for all new rail weighing 80 lbs. per yard and over laid in all main 
track. Include rail rolled during the last 6 years only. Continue records for 6 years 
unless rail has disappeared from main tracks where originally laid. Omit informatim 
for rolling of les than 500 tons. 

2. Do not include in this report rails broken or injured by wrecks, broken wheels or similar 
caus«, friction burned or battered end rails and those replaced on account oi wear. 

3. Fill in the information for rollings in which there were no failures as well as for those in 
which there were failures. 

4. Report all Rail Failures, whether detected by Testing Cars or other devices or disclosed 
by inspection or by actual breakage in service, in the proper columns under general head- 
ing ‘■‘Number of Failures.” Report number of rail failures detected by test cars or other 
testing devices in column headed “Total Failures Detected.” 

5. Express the tonnage of rails and the mile years in whole numbers, the mileage in whole 
numbeiB and hundredths and the failures per ICO track miles in whole numbers and 
tenths. 

6. Under “Rind of Steel” indicate Open-Hearth by “OH,” Intermediate ilanganese by 
*TM** or “MM,” Heat-treated by “HT.” For other special steels aRtiign suitable ab- 
breviations and if not obvious, indicate meanings by footnote. 

7. It impor^t tlmt the report indicate clearly the mill at which the rails were lulled. 
A list of mills which have rolled rails during the last 6 years is here given together with 
the correspKjnding designations which should be entered under ‘‘Mill.” 


Name of Company 

Name of Mill 

Location 

Designation 

Algoma Steel Co. 

.A.lgoma 

Sauit Ste. Marie, 

Out. C^. 

Alg. 

Bethlehem Steel Co. 

Lackawanna 

Lackawanna, 

New York 

Lack. 

Bethlehem Steel Co. 

Maryland 

Sparrows Point, 
Maryland 

Md. 


Steelton 

Steelton, Pa. 

Stltn. 

Carnegie Steel Co. 

Edgar 

Thomson 

Braddock, Pa. 

Cam. 

Colorado Fuel & 

Iron Co. 

Minnequa 

Pudilo, Colo. 

Colo. 


Dominion 

Sydney, 

Nova Scotia 

Dom. 

Illinois Steel Ck>. 

Gary 

Gary, Ind. 

Gary 

Inland Steel Co. 

Inland 

Indiana Harbor, Ind. 

Inid. 

Tennessee Coal, Iron 
& R. R. Co. 

Eusley 

Ensley, Ala. 

Tenn. 



Germany 

Germ. 


S. In the first four columns which call for two entries for each item, enter “Mill,” “Mini- 
mum Carbon,” “Year Rolled” and “^tion” on first line (opposite “This Year”) ^d 
“Kind of Steel,” “Maximum Carbon,” “Year Laid” and “Lbs. per Yd.” on second ime 
(opposite “Total”). 

9. Under “Number of Failures” the sub-column headings “A” and “B” indicate the letter 
stamped on the rail. The “Total” column, however, should include and “B” 

rails and all lower rails from the ingot. Enter transverse and compound figures under 
“Broken” and horizontal fissures or horizontal split heads under “Head” failures. 

10. To convert tons into track miles, the number of tons may be divided by the figures given 
below, which show the tons (2,240 lbs.) of rail per mile of single track for different 
weisdits per 3 rard of rail. 


80-Ib 125.71 tons 

90-lb 141.43 tons 

100-lb 157.14 tons 

1 os-lb 165.00 tons 

110-lb 172.86 tons 


120-lb 

188.57 

tons 

125-lb 

196.43 

tons 

130-lb 

204.29 

tons 

140-lb 

220.00 

tons 

150-lb 

235.71 

tons 


11. Each line for the different year’s rollings should be completely £lUed in ■without the ■use 

of ditto naaiks. . , . 

12. Report only the failures for the year ending December 31st_ oppKBite the hues This 
Year” and all failures from date 1^ to December 31st opposite t^te Iin« “Total. 

13. In th e column “Mile Years” there should be altered^ opposite the line “This Year’ the 
actual quantity in rnriejg of rail m socvice for the in^vidual year. Opposite “Total” 






350 


Rail 


the quantity should be the summatioa of the miles in service for each year from date of 
rolling. These amounts constitute the divisors for reducing the corresponding number of 
failures to a 100 mile-year basis, instead of the quantity in miles originally laid, which 
was used as the divisor up to the year 1922. 

14. For Purposes of Reporting Serv’ice of Rails; 

Rail laid in any month in the year that report is made is considered to have zero 
years age, hence zero mile years of service. 

Rail laid in any month in the year preceding the year of the report shall be considered 
as having one year’s service. 

Similarly for rail laid in preceding years. 

For Example: 

Assume 30 miles of rail rolled in calendar year 1927 of which 
10 miles are laid in calendar year 1927 and 
20 miles are laid in calendar year 1928. 

None of this rail removed from track prior to 1930. 

The reports for succeeding years would show service of these rails as follows: 


Date oi l 

Year 

I’’ear 

Equiv. 

MUe 


RepO) t 

Rolled 

Laid 

Track Mile 

Years 

Period 

Dec. 31, 1927 

1927 

1927 

10 

(0 

This Year 





(0 

Total to Date 

Dec. 31, 192L 

1927 i 

1927 

10 

(10 

This Year 


1 



(10 

Total to Date 


1927 

1928 

20 

(0 

This Year 





(0 

Total to Date 

Dec. 31, 1929 

1927 

1927 

10 

(10 

This Year 





(20 

Total to Date 


1927 

1 1928 

20 

(20 

This Year 





(20 1 

Total to Date 


IS, In case of doubt as to the interpretation of Form 402 -C or of any of these instruc- 
tions, write to the Engineer of Tests. Rail Committee, American Railway Association, 
59 East Van Buren Street, Chicago, 111. 
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Exhibit D 

Form 402 -E (a) 
Issued 1931 

AMERICAN RAILWAY ASSOCIATION 
DmaioN IV — ^Engineering 

Instructions for Filling in Transverse Fissure Rail Failure 
Form 402-E 

1. Report is desired on all transverse fissure rail failures in rail weighing 80 lb. per yard and 
over, laid in all main tracks. Compound fissures and horizontal fissures (horizontal split- 
heads) are not to be reported. 

2. The report year ends on December 31. Statement of transverse fissure rail failures 
will be made quarterly, listing the rails thai- have failed during the quarters ending 
March 31, June 30, September 30 and December 31. 

3. Under “Rail” enter information from brand on rail except that un(^ “Mill,” the fol- 
lowing mill designations should be used to make identification positive. 


Name of Company 

Name of Mill 

Location 

Designation 

Algoma Steel Co. 

Algoma 

Sault Ste. Marie, 

Ont. Can. 

Alg. 

Bethlehem Steel Co. 

Lackawanna 

Lackawanna. 

New York 

Lack. 

Bethlehem Steel Co. 

Maryland 

Sparrows Point, 
Maryland 

Md. 

Bethlehem Steel Co. 

Steelton 


Stitn. 

Bethlehem Steel Co. 

Saucon 

So. Bethlehem, 

Pa. 

Sauc. 

Bethlehem Steel Co. 

Cambria 

Johnstown, Pa. 

Camb. 

Carnegie Steel Co. 

Edgar 

Thomson 

Braddock, Pa. 

Cam. 

Colorado Fuel & 

Iron Co. 

Minnequa 

Pueblo, Colo. 

Colo. 

Dominion Iron & 

Steel Co. 

Dominion 

Sydney, 

Nova Scotia 

Dom. 

Illinois Steel Co. 

Gary 

Gary, Ind. 

Gary 

Illinois Steel Co. 

South Works 

So. Chicago. 111. 

SoWk. 

Inland Steel Co. 

Inland 

Indiana Harbor, 

Ind. 

Inld. 

Lackawanna Iron & 
Steel Co. 

Scranton 

Scranton, Pa. 

Sera. 

Tennessee Coal, 

Iron & R. R. Co. 

Ensley 

Ensley, Ala. 

Tenn. 



Germany 

Germ. 


4. Under “Failure” in column headed “No.” give the consecutive failure number from 

the same heat. 

5. Report all transverse fissure rail failures whether detected by test cars or other test- 

is devices or disclosed by inspection or by actual breakage in service. For identifica- 
tion, pla^ a star in the failure column headed “Detected” opposite each transverse 
fissure rail failure detected by test cars or other testing devices. 

6. Should any railroad furnishing this report not consent to its publication, notice to that 
effect should be given on sheet 1, of the form. 

7. Include in this report all transver^ fissure rail failures with as much of the informa- 
Uon as may be available; not omitting the report nor any failure because part of the 
information is not available. 

8. Double space all totries and make each complete without use of ditto marks. 

9. Answers to questions appearing at bottom of Form 402-E need be answered on first 
sheet only of each qumter’s report. 

10- In ca^ of donbt as to the interpretation of Form 402-E, or of any of these in- 
structi^, write to the Engineer of Tests, Rail Committee, American Railway Associa- 
tion, S9 East Van Buren Street, Chicago, HI. 
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Exhibit F 

RECOMMEMDED DESIQN OF 
LETTERS AND NUMERALS 
TOBEUSEDINSTAMPINQ 

FULL SHE 

flBCDEFG 

HIJKLMN 

0123456 

TS'EOMM-IM 
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Appendix B 

(2) MILL PRACTICE 

Earl Stimson, Chairman, Sub -Committee; A, F. Blaess, C. B. Bronson, E. E. 

Chapman, W. C. Cushing, E. A. Hadley, J, V. Xeubert, G. J. Ray, 

Louis Yager, W. C. Barnes. 

In its report for last year the Committee referred to a plan for carry- 
ing on research work for the purpose of developing the cause of transverse 
fissure failures as well as other defects in steel rails and finding a remedy 
which will insure better steel. 

This plan was described in some detail by the Chairman when present- 
ing the report. 

The Committee is pleased to report that the appropriations have been 
made and the necessary arrangements are now in progress to start the work. 
It is expected that the Committee win be able to make a progress report at 
the coming meeting of the Association. 

This work is being financed jointly by the American Railway Association 
and the Rail Manufacturers and will be conducted under the joint supervision 
of the Rail Committee and the Rail Manufacturers Technical Committee. 


Appendix C 

(2) OPERATING RESULTS OF THE A.R.A. RAIL FISSURE 
DETECTOR CAR 

By W. C. Barnes, Engineer of Tests, Rail Committee 

The reader is referred to previous Rail Committee Reports for the history 
of the development of the A.RA. Detector Car and for discussion of its 
efficiency in locating defects of various types in rail in track. 

The car was placed in leasing service on November 15, 1928, and up to 
the date of this writing (October 22, 1930) it has not been idle a single 
day except for occasional shopping and for shipping from road to road. The 
car is now operating under its 35th lease. 

Up to October 1, 1930, it had tested a total of 6509 track nules in 417 
testing days or at an average rate of 15.6 track miles per testing day. 

A total of 1682 defective rails were located, classified as follows: 567 
Transverse or Compound Fissures, 345 Horizontal Fissures (horizontal split 
heads), 378 split heads and 392 miscellaneous made up of broken bases, split 
webs, broken rails, pipes, etc. The horizontal fissure total is incomplete. 

The average number of miles tested per one transverse or compound 
fissured rail was therefore 11.5 and per defective rail of all types, 3.9. The 
average number of transverse or compound fissures located per day was 1.36. 

The general condition of rail in track cannot, however, be gaged by the 
general averages here presented nor by averages determined for roads in- 
dividually for the reason that the majority of fissures are found in rail from 
certain heats of steel which are particularty' susceptible to this tyi>e of 
failure and as rails from given heats are generally laid more or less con- 
tiguously the fissured rails from bad heats will be found in specific locations. 
It is not at all uncommon to test for days without recording a sin^e fissure 
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and then to run over a short stretch of track where as many as 10 per day are 
found. It can readily be appreciated that the average obtained for any 
road depends largely on whether or not such bad locations are included in 
the territory tested. The rates -will also depend upon whether the roads test 
their track continuously from point to point or restrict their testing to their 
probable worst sections determined from record of past failures. 

The highest record on any road, which was on selected track, was 3.7 
miles per transverse or compound fissure. The average of 1972 miles tested 
on 9 selected roads was S.48 miles as compared with the average of all roads 
of 11.S. 

The greatest number of fissured rails detected per mile, has not been 
found on roads having the heaviest traffic but on those using rails from mills 
which our statistics shovr produce the greatest number of fissured rails. 

Attention is called to the Trans\’erse Fissure Statistics in Appendix E, 
Figure 1, and explanation in the text regarding effect upon actual future 
failures in track of the present use of the Detector Cars. 

The writer wishes to acknowledge the willing and highly efficient work of 
the Detector Car Operator, Mr. Henry W. Keevil, who is largely responsible 
for the fine record that the A.RA. Detector Car has made. 


Appendix D 

(3) RAIL FAILURE STATISTICS FOR 1929 

By W. C. Bahnes, Engineer of Tests, Rail Committee 

The Rail Failure statistics for the year ending October 31, 1929, ap- 
pearing in this report, have been compiled in accordance with the standard 
method of basing the failure rate on mUe years of service in track. 

The reported tonnages and track miles of rollings for 1924 and suc- 
ceeding years embodied in these statistics are as follows: 


Year Rolled 

Tons 

Track Miles 

1924 

1,405,977 

8,817 

1925 

1,658,793 

10,277 

1926 

1,842,042 

11,165 

1927 

1,695,999 

9,951 

1928 

1,643,947 

9,519 

Total 

8,246,758 

49,729 


Table 1 shows the average failures per 100 track Tnilps of rail in service, 
which occurred in one to five years service of all rail reported, from all Tnillc 
together with results taken from previous reports which include both Besse- 
mer and open-hearth rail. The 1924 rollings, whose period of observation is 
now concluded, show an average failure rate of 110.7 per 100 track miles, 
which is practically the same as that for the 1922 rollings, but an appreciable 
improvement over the 114.1 rate of the 1923 rollings. The four year record 
of the 1925 rollings forecasts a lower 5 year rate for the 1925 than for the 
1924 rollings. 
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Fig. 1 shows diagrammatica’ly the nve year averages Table 1. 

Table 2 presents a summarj.- from 17 annual reports showing track miles 
of rail originally laid and total failures in addition to the failures per ICO 
average track miles of rail in service for periods of one to nve years. 

Table 3 gwes the failure rates of rails from each of the mills for rollings 
since 1908, for one to five year service periods. 

Fig. 2 show'5 diagrammatically the data frcm Table 3. 

Table 4 presents a recapitulation of the perfc nuances, during the five year 
period, of rails rolled at each of the mills with the exception of Dominion 
which is omitted because of lack of representation in rollings in all of the 
years during the period. In this Table the original track miles laid of the 
v^arious rollings are given for information, the failure rates being computed 
from the average track miles in service during the period. 

Fig. 3 presents diagrammatically the average “Per Year” failure rates 
per 100 average track miles in service of the 1924 to 1928 rollings frcm the 
various mills from Table 4. These rates do not take into consideration the 
traffic carried. Colorado ranks first with the lowest failure rate of 5.9 with 
Inland a close second with 6.6, followed by Gar>* with lO.S. The remaining 
mills with the exception of Tennessee whose rate of 43.4 is more than double 
the failure rate of other mills, var>* within the fairly narrow limits of 14.7 
and 19.7. 

Fig. 4, wThich is presented as infcrmatxon only, rates the penormance 
of the mills from the same data that underlie Figure 3 except that relative 
traffic density factors have been introduced into the final computations. 
From the annual freight gross ton miles per mile of main track of each re- 
porting road applied to its track mile years of rail of each of the 1924 to 
1928 rollings from any giv^en mill, the weighted av’erage traffic o\*er all of 
that mill’s rail w’hich was reported on, w^as determined. In like manner the 
weighted average traffic over aU rail from each of the other miDs was 
separately determined. The mill whose raU w^as subjected to the lightest 
traffic was then considered to have unit traffic density and relative traffic 
density factors were determined for each of the other mills, which were ap- 
plied to the failure rates of the respective mill outputs given in Fig. 3. 

No claim is made that this method of rating is entirely accurate but it 
does give more consideration to the work wfiich the rails from the various 
Tnills were called upon to perform than does the method of rating underlving 
Fig. 3 which takes no account of traffic. 

The use of traffic density factors has resulted as folloivs: 

Inland displaces Colorado in first position with the lowest rate of failure 
with Carnegie second and Colorado a close third. Tennessee remains in the 
lowest position immediately preceded by Algoma. 

Fig. 5 presents diagrammatically the “Total” failure rates by mills and 
by year rolled from Table 4. 

Table 5 shows the average weights of rail from the various mills and 
from all mills. The all mill averages reported for the years 1924 to 1928 have 
increased from 101.4 pounds to 109.8 pounds per yard. 




Fig. 1, 













































































Table 2— Summary from Seventeen Years Reports Shewing Track 
Miles Originally Laid, Total Failures and Failures per 100 
Average Track Miles in Service 
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Table 5 — ^Average Weights of Rails Compiled from Tonnages Used 
in this Report 
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Diagram Showing Mill Ratings Compiled by Usual Method 


Mill 

Fax 

1 Jrea 

per 

IDD ATc. Trk. 1 

'Is. per Year 



3 ID 20 30 40 50 6C 70 

ALGOICA 





^ 




ia.7 




' 




EDGAR THOESOB (Carnegie) 

14.7 

L 



1 





■i 















GARY 

10.8 

















IlTLAirO 

LACKaWAVRA (Betnlehem) 

6.6 









16.9 









KARYLAKD (Bethleiicia) 

19.7 

j 

J 















liIiraEq,UA (Colorado) 

5.9 

19.6 

a 

1 



1 






— 

— 







ALL KILLS - Arerase 

18.7 










1 



















Fig. 3 — ^A\teiiage Failure Rates for the Rollings of 1924 to 192S 
Inclusive, Classified by Mills. 

Diagram Showing Mill Ratings as Altered by Use of Traffic 
Density Factors 
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Fig. a — ^This Diagram is Presented as Information Only. It Shows 
Average Failure Rates for the Rollings of 1924 to 1928 Inclusive, 

CLASSrPIED BY MILLS, CHANGED FROM THOSE PRESENTED IN FiG. 3. 










Fig. 5 — Accumuiated Failures for Rollings from 1924 to 1928 Inclusi\e, 
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Appendix E 

(3> TRANSVERSE FISSURE STATISTICS 
By W. C. Barxes, Engineer of Tests, Rail Committee 

These statistics constitute a cumulative record of 44C35 transverse fissure 
failures that have been reported up to and including January- 31, 1930. 

Table I corresponds with Table I of last \-ear's report and shows the 
number of transverse fissure failures reported by each of 54 roads and the 
years in which such failures occurred. 

The accumulated total reported to January 31, 1930, from all rollings 
was 44035 compared with a total to January- 31, 1929. of 37,797 or an addi- 
tion during the year of 6238 at an average rate of 17 failures per day. This 
is an increase of 780 over the preceding year's total of S4SS. The major 
part of this increase was due to the inclusion of 478 fissured rails that were 
detected by improved methods of testing developed on the recommendation 
of the Rail Committee and removed from track before actual breakage oc- 
curred. The removal of these detected fissure rails from track will of course 
be reflected in a corresponding reduction in total subsequent actual failures 
in track. Increase in number of fissured rails “detected” is not an indication 
of greater prevalence of fissures but of greater ability to detect them. 

Such detected fiissure failures as were reported are included in the fiscal 
year “1929” and “Grand Total” columns, and also shown sei>arately by roads 
under column headed “Det. 1929.” Many fissured rails were detected during 
the year on roads which do not report fissure failures to the Association and 
hence do not appear in Table I. 

Fig. 1, shown for the first time, presents graphically the total fissure 
failures reported each year. The dotted curv’e includes “detected” fissured 
rails while the solid curve excludes them. The trend of the solid line in 
future reports will be of interest. It is to be expected that the increasing 
number of fissured rails being detected and removed from track before break- 
age will in a short time cause the solid curve to take a downward slope, in- 
dicating a decreasing number of actual failures in track per year instead of 
the constantly increasing number reported each year to date. 


Fig.X - Total Pissuro Failures Reported eacli Year 
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Table 2 corresponds wdth Table 2 of last year’s report with the excep- 
tion that it includes a total of 478 detected fissure failures and the column 
designations now indicate specifically the mills where the rails were rolled. 
This has been accomplished by transferring to the “Unknowm” mill columns 
a small number of failures incorrectly reported by the roads in former re- 
ports as Bethlehem rail with mill not designated. It shows all transverse 
fissure failures accumulated from year rolled to January 31, 1930, for each 
year’s rollings from each mill, unweighted by tonnage out-put of mills, by 
density of traffic or by years of service. 

This table is most useful in comparing the failures in the various rollings 
from any one mill. The rollings of 1910, 1912, 1913 and 1917 from all milif; 
continue to show the largest number of accumulated failures, due principally 
to the large number of failures in Illinois Steel Company, Gary rollings, for 
these years. The rollings which produced the greatest number of failures in 
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1929 were those of 1917, 1923, 1925, 1926 and 1927. The failures in 1917 
rail were due in large part to Colorado, Gary and Maryland rails and those in 
the 1923 rollings to Gary, Lackawanna and Tennessee rail, while those for 
1925, 1926 and 1927 rolling occurred principally in Tennessee rail although the 
failures from Carnegie rollings for those years, while not comparatively 
numerous, were considerably in excess of those from their previous rollings. 

Fissure failures reported during the last few years as occurring in the 
first year of service are as follows: 

29 Failures in 1925 from 1925 Rollings, All Mills 

SO Failures in 1926 from 1926 Rollings, All Mills 

114 Failures in 1927 from 1527 Rollings, All Mills 

58 Failures in 1928 from 1928 Rollings, All Mills 

106 Failures in 1929 from 1929 Rollings, All Mills 

The increase in first year failures in the 1929 over 192S rolling was 
principally due to Lackawanna rails whose totals increased from 8 in the 1928 
to 18 in the 1929 rollings and to Tftmessee whose total increased from 3 to 42. 
The 1929 fissure failures in Lackawanna and Tennessee 1929 rails include 1 
and 16 failures respectively that -were “detected” before actual breakage. Xo 
first year failures were “detected” in rails from other mills. The marked im- 
provement in Tennessee rails rolled in 1928 noted in last year’s report is not 
apparent in their 1929 rollings as the “detected" fissures account for only 16 
out of the total excess of 39 for that mill. 

Table 3 corresponds with Table 3 of last year’s report, but differs from 
it in many respects. The fonner Min Rating Table 3 gave the rate of ac- 
cumulated failures in rail from rollings of 1909 to 1925 inclusive per 10,000 
tons of rail whereas this year it gives for the various mills, for the rollings of 
1922 to 1926 inclusive, the rates of failure per year from dates rolled to 
January 31, 1930 per 100 original track miles of rail reported on by 27 
selected roads. The new method therefore, changes the ba=is of rating from 
tons to track miles years, thus introducing the factor of length of service. The 
difference in the avenage severity of traffic on the rails from individual mills 
is not taken into account in this table. 

It is thought that the average rates of failure of the recent 5 years’ rollings 
will be of more general interest than the averages formerly presented, as they 
are not influenced by excessive failures accumulated in rail that is now so 

old that it is practically all out of track. Furthermore mill conditions have 

so changed that the performance of those old rollings is no longer indicative 
of present practice. 

It is proposed next year to keep the 5 years rollings of the same com- 
parative age by dropping the 1922 rollings and adding those of 1927. 

Table 3 includes a total of 5300 transverse fissure failures in 32,586 track 
miles on 27 roads, 358 of which were “detected” during the 1929 report year. 

Fig. 2 diows graphically the average rates of failure by mills from Table 

3. The Maryland average rate, which is the highest of all mills, was neces- 

sarily based on a comparativrfy small track mileage and was materially af- 
fected by a moderate number of “detected” fissures. 

Fig. 3 presented as information, shows grap hi cal ly the average rates of 
faOure for the 1922 to 1926 rollings of the various mills from Table 3 and 
Fig. 2, modified by the use of relative traffic density factors; the lightest aver- 
age intenaty of traffic, which prevails on Colorado rail, being considered 100 
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Table 3- Average Transverse Fissure Failure Rates on Selected Roads 
per LOO Original Track IflLes per Year from Year Rolled to 
1/31^30, by MiJ.! end Year Rolled. 


Year 

Rolled 

E.ThoEi F^sley 
(earn) ITenn) 

Gary 

till) 

Ini 

Uni) 

lAck 

(Betb) 

Mary 

(Betb) 

Minn 

(Colo) 

Fenn 

(Betb) 

All 

Mills 

1922 

3.63 

3.95 

1.57 

9.88 

2.13 

- 

0.54 

1.17 

2.58 

1923 

1.65 

3.87 

3.31 

1.86 

9.19 

- 

0.99 

1.08 

3.28 

1924 

2.11 

5.27 

2.45 

1.82 

2.29 

- 

0.38 

3.28 

2.85 

1925 

2.40 

10,02 

1.95 

1.19 

4.40 

5.06 

0.14 

3. 58 

3.89 

1925 

5.09 

13.12 

1.90 

2.66 

3.88 

15.35 

0.04 

3.36 

5.00 

Ave 

2.84 

^29 

2.32 

2.94 

4.31 

7.25 

0-37 

2.38 

3.42 


Fig. 2 - Average Failure Rates Classified by Mills 


Mill 


Average Fissure Failures to 1/31/30 per Year 
per 100 Trk-Miles of Rollings 1922 to 1925 
01234567 


a 


Edgar Thomsonl. Carnegie) 
Ecsley ^Tennessee) 
Gary UllmoiaJ 
Inland \ Inland) 
Lackawanna (Bethlehem) 
.Maryland ^Bethlehem) 
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Fenn sylvan IB (Bethlehem) 
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Fig-3- Average Failttre Rates by Mills Altered by Traffic Density Factors 


Mill 

Relative 

Traffic 

Density 

JS 

Average Fissure Failures to 1/31/30 per 
year, per 100 Trk. Miles of Rollings 1022 
to 1926 y per Unit of Traffic Density 

01234567 

Edgar Thosison(Carnegie) 
Ensley (Tennessee) 
Gary ( Illinois J 
Inland (Inland) 
Lackawanna (Bethlehem) 
Maryland (Bethlehem) 
lllnnequa (Colorado) 
Pennsylvania (Sethlehem) 

225 

126 

143 

144 

143 

125 

100 

' 212 

1.26 

4.20 

1.62 

2.04 

3.01 

5.80 

0.37 

1.12 
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All Mills - Average 

158 

2.16 









H 



per cent. A factor for each reporting road based on its annual gross freight 
ton miles per mile of main track was applied to the mile years of rail laid on 
that road from any given mill. The weighted average traffic density for all 
rail from that mill on all roads was then determined. The relative traffic 
density on aH rails from each of the various mills was then obtained and 
applied to the failure rate for the respective mills’ output as given in Table 3 
and Fig. 2. 
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No claim is made for the entire accuracy of this system of rating, but it 
does give more consideration to the work which the failed rails from the 
various mills were called upon to perform than does the system used in Table 
3 and Fig. 2 which takes no accoimt of diiterences in trafnc carried. 

The ’weighting for relative traSc density, W’hich is used in this report for 
the first time, has improved the standing of Carnegie and Pennsylvania 
respect to all other mills; of Gary, Inland and Lackawanna with respect to 
Ensley, Maiy-land and Colorado ; of Ensley and Maryland with respect to 
Minnequa (Colorado), 

Table 4, presented in previous reports, which segregated failures by ZVIill, 
Rail Letter and Weight of Section and Table 5 which segregated them by 
Mill and Month Rolled, have been discontinued as further additions to those 
tables would serve no useful purpose. 


Appendix F 

(4) CAUSE AND PREVENTION OF RAIL BATTER 

F. M. Graham, Chairman, Sub-Committee; W. J. Backes, X. J. Boughton, 

W. A. Dufi, L. C. Fritch, E. A. Hadley, B. Herman, C. W. Johns, Hunter 

McDonald, R. Montfort, R. L. Pearson, W. H. Penfield, J. E. Willoughby, 

W. P. Wiltsee, W. C. Barnes. 

The work of this Committee as outlined on page 14^3 of the 1930 Pro- 
ceedings has been carried out with the following results. 

(1) Brinell hardness measurements were taken with a portable Brlnell 
meter on the ends of the heads of one hundred and ninety new 130 lb. rails 
before such rails were placed in track. Subsequent batter measurements during 
the current year do not show any relation between the Brinell values and the 
progress of rail batter under very heavy traffic. This result is thought to be 
due to the necessary inaccuracies in using a portable Brinell meter as varying 
degrees of hardness in individual rails should affect the rate of rail batter. 
The Committee knows of no more accurate field method of determining the 
hardness of rails than was used in this test. 

(2) Ninety-five cropped 130 lb. rails were laid in a heav>' traffic freight 
track. Eighteen inch^ had been cut from the original ends of the rails result- 
ing in a satisfactory Joint fit. The relative differences in heights of the two 
rail ends at any joint did not exceed .060 inches. These differences in heights 
of rail ends were measured after the rail was laid and before traffic. Batter 
measurements were taken of the joints seventy-five days after the rail was 
laid during which time approximately eleven million gross tons of traffic had 
passed over the joints. 

The results of the above measurements are shown on Exhibit A from 
which the following observations are made: 

(a) No appreciable difference in batter is shown regardless of whether 
the receiving rail is higher or lower than the dehvering rail. 

(b) The extent of batter on the high rail varies directly with the dif- 
ference in height of the two rail ends. 

(c) The low rail -was not battered to any extent until the high rail was 
battered down to the level of the low rail. 
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(d) A slight tendency to cupping is shown where the delivering or leav- 
ing rail was very high. 

(e) No apparent relation exists in this test between the amount of joint 
opening and the extent of batter, but in all cases there was sufficient opening to 
permit end flow into the gap. 

Similar batter conditions in new’ rail are observed corresponding to varia- 
tions in relative heights of rail ends. 

(3) One hundred and twenty-three new^ 130 lb. rails were laid in a 
freight track with heavy traffic. Eighty-sh: of these rails were laid in the 
track in the order in which they passed through the finishing rolls at the rail 
mill. The remaining rails w’ere also laid in similar order except for eliminat- 
ing A rails and rejected rails and passing from one ingot to another ingot. 
Relative differences in rail heights w^ere measured before traffic, giving an 
average difference in height of .0018 inches in the eighty-six exactly matched 
rails and .0035 in the balance. 

One hundred and ninety days after this rail was laid batter measure- 
ments were taken. During this time approximately twenty-eight million gross 
tons of traffic had passed over this rail. 

The results of the above measurements are shown on Exhibit B and it 
will be observed that: 

(a) Regardless of the fact that all traffic had been in -the same direction 
both delivering and receiving rails received practically the same batter. 

(b) Fishing fit and height of rail w’ere eliminated in this case as contri- 
buting conditions of batter. 

(c) Joint gap had no apparent effect on batter, but as with the test 
shown on Exhibit A, there was sufficient opening to permit end flow into the 
gap. 

Results obtained in the above tests indicated that batter conditions were 
independent of the direction of traffic and that where the heights of rail ends 
were the same and writh good joint fit the delivering rail was battered equally 
with the receiving rail. This led to an investigation of the probable unit 
pressure betwreen the rail and wheel. 

For this purpose Exhibit C was prepared containing sheets 1-4 j^owdng 
the relation between wheel load, radius of wheel, radius of top of rail and re- 
sulting unit pressure. This Exhibit was prepared from a discussion shown on 
pages 21-23 of “Applied Elasticity” by Timoshenko anS Lessells. This dis- 
cussion is based on the assumption that all stresses are within the elastic limit 
of the material and while this may not be entirely true it may be considered 
as representing fairly well the conditions in this case. 

(4) In order to make rail more resistent to rail batter the Committee 
is experimenting with the use of local heat treatment on the tops of the ends 
of rails. 

The Committee in collaboration with Committee V—Track, reports pro- 
gress and recommends the continuation of the study of rail batter along the 
above and other lines during the coming year, including batter on single track. 
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Ball batter Inatnunent end method of determining* batter as adopted by A.R.Iil.A* ProoocdlnBs pagee 1S71 
and 1277 • v^urrci i Esstn cs 
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Appendix G 

(7) TESTS OF ALLOY AND HEAT TREATED CARBON 
STEEL RAILS 

C. B. Bronson. Chairman, Sub-Committee ; J. E. Armstrong, E. E. Chapman, 
W. A. Duff, C. R. Harding, G. J. Ray, R. T. Scholes, J. B. Young. W. C. 
Barnes. 

Questionnaires were sent to the various railroads to obtain the informa- 
tion and the repli^ and summaries are shown in the attached reports (Ex- 
hibits A and B). 

The Committee recommends that this report be received as information. 


Exhibit A 

ALLOY STEEL RAILS— INTERiVIEDLVTE iVLASTGANESE 

More intermediate manganese rails have been purchased during the cur- 
rent year than previously. The total tonnage of this rail in service is now 
well over 650,000 tons. Sev^eral roads have not made any further purchases 
while others have made material increases in their program. 

A questionnaire, as shown below, was sent out to a large number of reads, 
particularly those with tonnages running into thousands of tons, and those 
who have had several years experience. The questionnaire was changed con- 
siderably from those previously issued, eliminating details as to routine mill 
inspection matters which are well established by this time. The aim was to 
get more specific data as to special tests or research work, more information 
regarding service failures, and measurements pertaining to wear, both on 
curves and tangent track, and also batter at rail ends, and chipping. 

On a number of replies received practically no data was presented along 
these lines which was largely due to the short time the rails have been in 
service. 

The replies in general are quite favorable to intermediate manganese rails, 
as the condusions presented will show. The principal difficulty has been due 
to a higher rate of horizontal and vertical split heads developing both on 
curve and tangent track than is generally experienced with standard open 
hearth rails. 

Considerable laboratory work has been done through a number of 
sources to dete rmin e the proj^rties and characteristics of defective rails of this 
type. Tbe rejxjrts generally indicate that the carbon and manganese are quite 
high, though not segregate to any extent. Some porosity has been noted. 
One report indicates the presence of martensite; cracks have originated in 
this hard substance. Thermal checks are quite prevalent, indicating the sus- 
ceptibility of this steel to thermal conditions during cooling on the hot beds. 

Interior transverse fissures are far from numerous and the reports indicate 
they are much lower than experienced with standard open hearth rails. 

Data as to wear, batter and chipping show a considerable reduction as a 
general proposition compared to standard open hearth rails. 

Comprehensive studies which have been made through a number of 
sources indicate the desirability of lowering the specified carbon ran^e two or 
three points, and the manganese range five to ten points. By this means, 
along with complete hot bed protection, horizontal and vertical split heads 
should be less numerous to a considerable extent. Seveial roads have changed 
their specified carbon and manganese ranges in line with the above. 

The questionnaire, tables as to purchases and distribution among the 
mills, and replies are shown below: 
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Purchases op Intermediate: Manganese Rails 


Road Reported During 1930 

Previous to 1930 

Total 

A. T. & S. F 


23682 

69104 

Boston & Maine 

44942 

23314 

6S2S6 

Canadian Natd 

SS7S 

2950 

8828 

Chesapeake & Ohio 

500 


500 

C. B. & Q 

3S700 

87850 

126550 

D. L. & W 

14746 

85623 

100369 

Kansas City Sou 

5694 


5694 

Louisville & Nash 


2000 

2000 

M. K. T 

500 


500 

Northern Pacific 


1705 

1705 

N. Y. C. Lines 

S957S 

148640 

238218 

Pennsylvania 


942 

942 

Reading 


300 

300 

Illinois Central 

5250 


5250 

Southern Pacific 

20344 


20344 

Southern Ry 

1710 


1710 





TOTALS 

273264 

377006 

650270 


Distribution of Intermediate Manganese Rails by 

Muxs 

Company 

Plant 

Previously 

Currently 

Total 



Reported 

Reported 

Tonnage 

Algoma 

S. S. Marie 

1591 

3192 

4783 

Bethlehem 

Lackawanna 

78426 

47185 

125611 

Bethlehem 

Maryland 


9742 

9742 

Bethlehem 

Steelton 

98811 

46228 

145039 

Carnegie 

Edgar Thomson 

12247 

10877 

23124 

Colorado 


30682 

57679 

88361 

Dominion 

Sydney 

1459 

3882 

5341 

Illinois 

Gary 

113005 

65813 

178818 

Inland 

Ind. Harbor 

38785 

21609 

60394 

Tennessee 

Ensley 

2000 

7087 

9057 

TOTALS 


377006 

273264 

650270 


QUESTIONNAIRE ON INTERMEDIATE MANGANESE RAILS 
Railroad 

1. Tonnage purchased, not previously reported, giving following details: 

COMPANY PLANT WT. PER YD. SECTION TONS 

2. Have any changes been made in composition or mill practice for the rails 
purchased by your railroad during the past year? If so, give details. 

3. Give results of any special laboratory tests or investigations on new rails 
that you may have carried out, either in co-operation with the steel mills 
or in your laboratory. 

4. Present contours or tabulated results of investigations on wear of rail 
heads on curves and also tangent track, comparing intermediate manganese 
with standard open hearth r^ in similar service. 

What conclusions have you arrived at, based on your general observations 
of the two classes of st^? 

3. Present general or specific data on the batter and diipping of rail ends, 
comparing intermediate manganese and standard open hearth rails. 

6. Table of Intermediate Manganese Rail Failures, summarizing total failures 
since rad was laid, to August 1, 1930. 
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Year 

Boiled 

Mill 

! Cnish- 

Section j Tons ! Trans | Comp Horiz. Split ed , Web , Base Totau 

{ Rolled Fissure : Fissure Fissure Head Head i 



! i ■ . ! 

f ! : , . ‘ 





1 

i r i ■ 


i 

1 ■ 1 ■ ^ ^ 


: : 




i 


7. How do intermediate manganese and standard open hearth rail failures 
compare, giving detailed statement, or general conclusions. 

8. Report special tests or investigations on failed or defective intermediate 
manganese rails, and conclusions derived therefrom. 

9. What conclusions, briefly stated, have you arrived at as to the relative 
merits of intermediate manganese compared to standard open heai^ rails. 

Note: If purchases have been made of special or alloy steel rails other 

than heat treated, please report on form similar to the above and submit. 

2, Have any changes been made in composition or mill practice for 
the rails purchased by your company during the past year? 

No changes are reported except those listed below: 

D. L- & W. — ^The rate of cooling of rails rolled in January, 1930, at Lacka- 
wanna Mill, Bethlehem Steel Company, uas regulated as follows: 

(a) Rails of about 2 heats were placed close together on hot bed at tem- 
perature of about 2000 °F. as received from the rolls, covered at once 
and cooled under cover to about 600°F. Rails not turned at any 
time. 

(b) Rails of about 15 heats were placed on hot beds about 12 inches 
apart and allowed to cool to about 1180°F. when they were turned 
and covered, and cooled under cover to about 600°F, 

(c) Rails of 6 heats placed cn hot bed about 12 inches apart and allowed 
to cool to about 1400® F. when they were turned and covered, and 
cooled under cover to about 600®F. 

(d) Rails of 44 heats placed on hot bed about 12 inches apart and cooled 
to about 1800 °F. when they were covered and cooled to about 
600®F. Rails were not turned. 

The above hot bed treatments were conducted to see to what extent hair 
cracks in the interior of the head could be eliminated. 

N.Y.C. Lines. — Several experimental lots of rail were made in practically the 
same manner as described above for the DL.&W. on both full length 
rails and pieces about 6 feet long. The full length rails were placed m 
track and ieir service is being followed. 

In addition to covering rails on the hot beds, the beds were protected by 
side guards to prevent underdrafts and make the rate of cooling more 
uniform. In addition sheet metal paving was placed between the hot bed 
skids. The hot bed budding was thoroughly enclosed and complete pro- 
tection afforded against snow and rain blowing upon the beds. 

These steps were taken to retard the rate of cooling as much as possible 
without delaying Tnifl operations by increasing the time upon the hot beds, 
as well as to insure as uniform rate of cooling as possible. 
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In addition a study was made as to the effect of silicon upon piping. 
Heats were taken up to 0.30 silicon without material increase in pipe 
rejections. (Our rejections are not on nick and break test but based upon 
examination of each rail subject to inspection.) 

Canadian National: 

jpap Purchases igjo Purchases 


Carbon O.SO to 0.6S Approximately ^ of purchase hav- 

Manganese 1.30 to 1.60 ing exactly same chemical properties 

Phosphorus Not over 0.04 as 1929 specification. Approximate- 

Sulphur Not over 0.055 ly 54 of purchase having carbon, 

Silicon Not under 0.15 mang., phos. and sulphur the same as 

1929 spec., but silicon not over 0.05. 
Approximately 5^ of purchases hav- 
ing carbon, mang., phos. and sulphur 
the same as 1929 spec., but silicon 
from 0.05 to 0.10. 


3. Give results of any special laboratory tests or investigations on 
new rails that you may have carried out, either in co-operation 
with the steel mills or in your laboratory. 

D. L. & W. — ^la connection with the experimental hot bed work which is 
described under question 2, several hundred horizontal longitudinal slices 
were cut at about one half the depth of head, and then lightly and deeply 
etched. Hair cracks or thermal checks decreased measurably in number 
and size as the retarding of drop in temperature during cooling was 
more effective. Specimens buried in ashes were practically free from in- 
ternal cracks. 

Of the rails which were handled by various methods on the hot beds as 
described in 2, the following defective or failed rails have developed: 

One split head from heats that received cooling treatment under 
scheme (b). 

One split head and one half moon base break from heats that re- 
ceived cooling treatment per scheme (c). 

Of the 5189 tons of rail rolled in March, 1930, and cooled as per 
scheme (d), three split heads from one heat and one half moon base 
break from another heat. 

N.Y.C. Lines. — Similar etched specimens in large numbers were examined as 
referred to by the D. L. & W., and results of a comparable condition 
found. In addition repr^entative samples were studied under the micro- 
scope to see what effect retarded cooling, even that of the longest dura- 
tion would have upon grain structure. There was no marked or ap- 
preciable difference either in grain size although that more slowly cooled 
showed a somewhat higher degree of pearlitic structure. Drop and ten- 
sile tests were also made; the former showing no impainnent of tough- 
ness, and the latter only slight decreases in tensile properties for the 
slowly cooled rail specimens. 

Work of this character was carried on to some extent at three other 
mills in the study of the effect of thermal changes on intermediate man- 
ganese rails on the hot beds, one mill reporting that martensite could be 
produced by rapid air cooling of the head, projecting a stream of 
air against it. 

Canadian National: 

Su mmar y of mill tests on 1929 rollings of intermediate manganese 
stedl rails: 


Weight of Section and type of rail 85 lb. “Head Free” 

No. of Heats Cast 40 

No. of Ingots rolled 485 

No. of RaSs rolled 2814 



Rail 


383 


Chemical Composition- 

Specificatio7i requirements Analysis of 49 Heats 


Carbon 0.50 to 0.65% Min. 0.52 Max. 0.65 Average 0.595 

Manganese 1.30 to 1.607© Min. 1.30 Max. 1.6C Average 1.442 

Phosphorus Not over 0.04% Min. 0.021 Max. 0.040 Average 0.02S 

Sulphur Not over 0.055% Alin. 0.031 Max. 0.051 Average 0.041 

Silicon Min. 0.15% Alin. 0.150 Alax. 0.210 Average 0.170 


Drop Test: 

Height of Drop 

Distance between centers of supports . 

Number of drop test pieces 

Drop test pieces broke on first blow 
Average deflection at drop test 

Nick & Break Test: 


Number of tests 518 

Percentage of segregated rails to total rolled Nil 

Rails rejected on account of pipe 33 

Rails rejected for other causes 5 

Total rails rejected 38 

Rails accepted as No. 1 2703 

Rails accepted as No. 2 73 

Total rails rolled 2814 


20 Feet 

3 Feet 

120 

Nil 

1.47 Inches 


Percentage of piped rails to total rails rolled 1.1 7% 

Percentage of No. 2 rails to total rails rolled 2.59% 


Weight and Section of Rail 100 Ib. ARA-A “Head Free” Plan SlO C-9.S 

No, of Heats cast 41 

No. of Ingots rolled 520 

No. of Rails rolled 2924 


Chemical Compositiox 

Specification requirements Analysis of 41 Heats 


Carbon 0.50 to 0.65% Min. 0.53 Alax. 0.64 Average 0.586 

Manganese 1.30 to 1.60% Min. 1.30 Max. 1.73 Average 1.497 

Phosphorus Not over 0.04% Min. 0.018 Max. 0.030 Average OX)25 

Sulphuf Not over 0.055% Min. 0.020 Max. 0,038 Average 0.028 

Silicon Min. 0.15% Min. 0.154 Alax. 0.260 Average 0.198 


Drop Test: 

Height of Drop 22 Feet 

Distance between centers of supports 3 Feet 

Number of drop test pieces 125 

Drop test pieces broke on first blow 2 — 1.6% 

Average deflection at drop test 1.06 Inches 

Nick & Break Test: 

Number of tests - • • 749 

Percentage of segregated rails to total rolled ..2.46% 

Rails rejected on account of pipe 1S7 

Rails rejected for other causes 18 

Total rails rejected 175 
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Total rails accepted as No. 1 2369 

Total rails accepted as No. 2 ISO 

Total rails rolled 2924 

Percentage of piped rails to total rails rolled 5.36% 

Percentage of No. 2 rails to total rails rolled 6.15% 


Results of Izod tests made on specimens from 1930 rollings. 
Chemical Analtsis 


Drop 


Specimen 

Heat 

No. 

C. 

Mn. ' 

P. 

5. 

Si. 

Test 

Values 

Izod Values 
foot/lbs. 

1 

*5183 

.69 

.79 

.026 

.029 

.140 

1.70 

1.95 

2 

2 

2 

51S3 

.69 

.79 

.026 

.029 

.140 

1.70 

2 

2 

2 

3 

5183 

.69 

.79 

.026 

.029 

.140 

1.70 

2 

2 

2 

4 

$4162 

.59 

1.45 

.028 

.028 

.095 

1.20 

5 

3.3 

5 

5 

4162 

.59 

1.45 

.028 

.028 

.095 

1.20 

4 

4 

4 

6 

4162 

.59 

1.45 

.028 

.028 

.095 

1.20 

4 

4 

5.5 

7 

$1216 

.60 

1.36 

.027 

.027 

.146 

1.20 

2 

3 

3 

8 

1216 

.60 

1.36 

.027 

.027 

.146 

1.15 

3.5 

3.5 

3.5 

9 

1216 

.60 

1.36 

.027 

.027 

.146 

1.20 

3.5 

3.5 

3.5 

10 

$1223 

.59 

1.45 

.037 

.028 

.052 

1.20 

4 

4.5 

4 

11 

1223 

.59 

1.45 

.037 

.028 

.052 

1.20 

3 

3.5 

4 

12 

1223 

.59 

1.45 

.037 

.028 

.052 

1.20 

3.5 

3.5 

3.5 


* Carbon steel. 

$ Intermediate Manganese steel. 


4. Present contours or tabulated results o£ investigations on wear 
of rail heads on curves and also tangent track, comparing inter- 
mediate manganese with standard open heartii rails in similar 
service. 

What conclusions have you arrived at, based on your general observa- 
tions of the two classes of steel? 

Boston & Maine: Submitted a large number of contours on various types of 
steel under test on several curves; a summary of which is shown below. 
No general conclusions are given in the report. 


Boston & Maine Railroad 

TABULATION OF WEAR ON RAILS 

Square inches abraded per million tons during first twenty million 
tons of traffic. 


Buckland, Mass. 




Super- 

Sq. Inches Abraded 

Kind of Rail 

Curvatures 

elevation 

High 

Low 

130 Ib. Carbon 

4‘‘-46' 

6" 

.0078 s.i. 

.0056 si. 

130 Ib. Carbon heat 





treated 

4®-24' 

6" 

.0048 s.i. 

.0020 si. 

*130 lb- Med. Manganese 

3°-ll' 

5" 

.0092 s.i. 

.0064 si. 

* Believe that the greater speed over the manganese raOs accounts for some 

of the excess wear. 






Hoosick 

FaUs, N.Y. 



130 Ib. Med. Mang, 

8°-37' 

2%" 

.0116 si. 

.0105 si. 

130 Ib. Carbon 

8°-3r 

2yi" 

.0120 si. 

.0082 si. 

130 Ib. Carbon H.T. 

8^-37' 

254" 

.0080 si. 

,0065 si. 

130 lb. Zirconium 

8®-37^ 

254" 

.0110 si. 

.0095 si. 
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130 lb. Chromium 

S°-3/' 


.3153 si. 

.0115 si. 

100 lb. Carbon 

S“-37' 

r‘ 

.0150 si. 

.0114 si. 

100 lb. Krupp-carbon 

8=-37’ 

2J4" 

.0145 si. 

.0115 si. 

100 lb. Med. Mang. 

S°-37' 

2jr' 

.C090 si. 

.0069 si. 


M echanzcville, -V. Y. 



130 lb. Med. Mang. 

6=-C6' 


.CCSS si. 

.0093 si. 


The 8'’-37' curve is protected by a slow board restricting the speed to 
twenty miles an hour. However, it is the custom of enginemen to allow the 
curvature of the track, with the aid of the brakes, to bring the spe^ of 
their trains down to the required limit, consequently the 130 lb. Intermediate 
Manganese and 130 lb. Carbon rails resist a greater load to some extent than 
other rails on this cur\’e. 

In line with the above we feel that the greater speed around the 3°-ll' 
curve laid with medium manganese accounts for discrepancies in wear be- 
tween this rail and the carbon and carbon heat treated on the 4®-46' and 
4° -24' curves, respectively. 


D. L. & W. 

WEAR OF RAIL ON CURVES AND TANGENT TRACK 


Location 

Alinc- 

ment 

Grade. 

O 

Wear per Million 

CTi 

U 

1 

s 

MM 


o 

Million 7'on\ 

. carried Av. 

te; 

Water Gap 

Curve 

High RaU 

6° 13' 
7-00' 

0 

.0093 

.0078 

16.13 

64,31 54.47 

Water Gap 

Curve 

Low Rail 

6‘’13' 

7‘’00' 

0 

.0071 

.0057 

19.72 

64.3 54.47 

Cresco Curve 
Hi^ Rail 

5^13' 

6°09' 

—1.48 

.0113 

.00875 

22.S7 

29.0 24.83 

Cresco Curve 
Low Rail 

S°13' 

—1.48 

.0095 

.0066 

30.33 

47.30 41J0 

Average on Curves 


.0093 

.00721 

22.47 


Mountain 

View 

Tang. 

0 

.0083 

.0062 

23.30 

16.58 16.58 

Towaco 

Tang. 

4-0.53 

.0027 

.... 

.... 

102.17 

Port Morris 

Tang. 

0 

.0030 

.... 

.... 

133.00 

Water Gap 
(one-half M. 

West) 

Tang. 

0 

.... 

jOOIS 

— 

58.34 

Cresco (1 

M. East) 

Tang. 

—1.48 

.0019 

— 

— 

220.00 

Cresco (.5 M. 

West) 

Tang. 

—1.51 



.0024 

.... 

44.85 

Elmhurst 

Tang. 

—0.91 

.0073 

— 

— 

15.50 

Average on Tangent 


.0047 

.0034 

27.66 
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Kansas City Soxtthern 

TESTS ON COMPARATIVE WEAR OF INTERMEDLVTE MANGANESE 
AND HIGH CARBON RAIL ON A 5 DEGREE CURVE 
Intermediate Manganese Rails 


^ Area of Head 


Inside or 

Outside 

Rail 

Heat 

Number 

Ingot No 

u 

‘S 

ON 

es» 

lO 

& 

f 

T-* 

Car. 

Outside 

1M38090 

22 

A 

3.90 

3.73 

.61 

Outside 

1M53081 

5 

A 

3.85 

3.76 

.62 

Outside 

1MS3081 

16 

A 

3.86 

3.79 

.62 

Inside 

1MS3081 

18 

A 

3.84 

3.76 

.62 

Inside 

1M49072 

6 

A 

3.85 

3.79 

.58 

Inside 

1M49073 

4 

A 

3.85 

3.80 

.61 


Average head area 

3.86 

3.76 





High Carbon Rail 

Outside 

54055 

4 

F 

3.80 

3.76 

.77 

Outside 

S2049 

21 

B 

3.85 

3.78 

.71 

Inside 

55050 

12 

D 

3.90 

3.78 

.72 

Inside 

54055 

1 

C 

3.83 

3.72 

.77 


Average head area 

3.85 

3.76 







^ <K9 

^ to 

S 

Phos 

Co 

CO >5 


1-38 

.025 

.039 

.17 

.109 

1.42 

.016 

.026 

.13 

,107 

1.42 

.016 

.026 

.13 

.107 

1.42 

.016 

.026 

.13 

.107 

1.37 

.030 

.029 

.15 

.102 

1.58 

.024 

.026 

.17 

.105 


.75 

.025 

.026 

.14 

.115 

.65 

.024 

.032 

.18 

.109 

.80 

.029 

.031 

.21 

.106 

.75 

.025 

.026 

.14 

.115 


We do not consider the above test of sufSciently long duration to draw 
any conclusions. The rails were laid alternately contiguous on the same curve 
May 4, 1929, and at the time of the readings, made October 8, 1930, had car- 
ried 8,120,000 gross tons of freight traffic exclusive of locomotives, and a 
passenger traffic of four trains daily. 

N. Y. C. Lines. — ^The New York Central — East of Buffalo submits compari- 
sons imder fairly similar traffic conditions on curves 4 de^ees or less as 
shown by the table shown below. The service in general is too short to 
draw conclusions. 

Contours from the Pittsburgh & Lake Erie continue to show about 
25 per cent reduction of abrasion on the high rail for intermediate man- 
ganese compared to high carbon open hearth. 

Data from the Indiana Harbor Belt showed an increased life of ap- 
proximately 30 per cent on 4 to 5 degree curves. 

Wear measurements were taken on several single mile stretches of 
track laid with 127 pound Dudley section rails of both intermediate 
manganese and open hearth steel. Several measurements were taken in 
each mile and averaged. The work was confined to rail rolled and laid 
in 1926 and 1927. The average wear for either type of steel was ap- 
proximately 3/128 inch, though in general was sli^tly lower for inter- 
mediate manganese than for standard open hearth. The measurements 
referred to here were all on tangent high speed tracks. 

C. B. & Q. — No contours or tables were submitted, but the following state- 
ment was incorporated in the report: 

“Our Maintenance Engineers are of the opinion that we can expect 
from 10 per cent to 15 per cent more service out of interme<fiate 
manganese rails as compared with ordinary open-hearth rails.” 

Northern Pacific. — While we have no contours or tabulated results to offer, 
our general opinion is that intermediate manganese rail on curves, par- 
ticularly on the low side, seems to wear somewhat slower th an standard 
rail, and furthermore the low rails do not seem to be as scabby or cor- 
rugated as do the standard. 
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Chesapeake & Ohio. — No contours submitted, but report that the rail was 
l^d on curves between 5 and 9 degrees, and iat hea\'\' coal freight 
operates over the districts where this rail w'as laid. 

5. Present general or specific data on the batter and chipping of 
rail ends, comparing intermediate manganese and standard 
open hearth rail. 

Boston & Maine. — ^Has made a careful study of batter for various t\'pe5 of 
steel and on several curves. Comparative batter measurements for rails 
on a 8 deg. 30 min. cur\-e as indicative of the data submitted, are shown 
below: 

N. Y. C. Lines. — Measurements were taken principally on tangent track on the 
127 pound Dudley section rails which had been in from 3 to 4 years. 
The procedure was to take a continuous stretch of track and measure 
both rails for a distance of one half to one mile, recording the batter and 
chipping for each receiving rail end. Readings varied between zero and 
5/128, with an average close to 5/12S inch for both classes of steel. 
Records on chipping showed seme stretches of track with practically none, 
while the number or percentage on others was high. This feature seemed 
to be associated more with hardness of metal, difierences in height of 
adjacent rails, and also to a lesser extent on actual joint gap at the time 
measurements were taken. On an average the medium manganese raib 
showed lower rate of chipping. 

Northern Pacific. — Report they have not noticed any material difference. 

6. Present a Table of Intermediate Manganese Rail Failures, sum- 
marizing failures from date rail was laid to latest date records 
are available. 


G3^ 


§ 


8l 


g.S S.S2 4^ 

Oft. Ofc; ^ 



Boston & Maine — ^To August 31, 1930 

1929 Stedton 29139 — — — 50 — — — — 50 130-RE 

1929 Steelton 15803 _ — — 24 4 1 IS 4 51 100-NH 


Canadian National — To December 31, 1929 

1929 Dominion 1359 — — — 12 — — — — 12 S5-HF 

1929 Algoma 1590 1 — — 23 1 i — — 26 100-HF 

Louisville & Nashville — ^To January, 1930 (Rails removed) 

1929 Ten- 
nessee 1986 16 — 121 19 — 1 4 — 161 100-RE 

Northern Pacific — ^To August 1, 1930 

1926 Illinois 752 — — — 7 — — — 1 S 130-RE 

1926 minois 953 — 1 8 13 — — 1 — 23 100-RE 


Southern Railway — To August 1, 1930 


1929 Ten- 


1650 1 


2 


3 


100-RE 
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Wear 

\Rolled 

Mill 

\Totts 

iRoUed 

§ 

^3: 

Comp. 

Fiss. 

Uoriz. 

Fiss. or 
Split 

split 

Head 

Crush. 

Head 

Web 

Base 

Misc. 

Bh. 

Tot(U 

Section 


Delaware, Lackawanna & Western — ^To September 1, 1930 


1925 

Steelton 

2913 

— — 

— 

— 

— 

— 

— — 

— 

118-DLW 

1925 

Steelton 

11673 

4 1 

11 

37 

— 

7 

— — 

60 

130-RE 

1926 

Steelton 

4332 

— — 

— 

— 

— 

4 

— — 

4 

105-DLW 

1926 

Steelton 

11495 

11 — 

2 

46 

— 

3 

— — 

62 

130-RE 

1927 

Steelton 

4669 

1 — 

— 

— 

— 

— 

— — 

1 

lOS-DLW 

1927 

Steelton 

16080 

1 — 

2 

43 

— 

2 

1 ~ 

49 

130-RE 

192S 

Steelton 

3677 

2 — 

1 

13 

— 

— 

— — 

16 

lOS-DLW 

1928 

Steelton 

16240 

2 — 

2 

89 

— 

3 

1 — 

97 

130-RE 

1929 

Lacka. 

1896 

— — 

— 

— 

— 

1 

— — 

1 

lOS-DLW 

1929 

Steelton 

544 

— — 

— 

— 

— 

— 

— — 

— 

lOS-DLW 

1929 

Lacka. 

12747 

— — 

6 

124 

— 

2 

— — 

132 

130-RE 

1929 

Steelton 

3491 

— — 

2 

57 

— 

— 

— — 

59 

130-RE 

1930 

Lacka. 

2232 

— — 

— 

— 

— 

— 

1 — 

1 

lOS-DLW 

1930 

Lacka. 

7297 

— — 

— 

3 

— 

— 

1 — 

4 

130-RE 



Kansas Citv Southern — 

To 

August 1, 1930 


1928 

Carnegie 

840 

— — 

— 

2 

— 

— 

— — 

2 

llS-Dudley 

1929 

Beth- 










lehem 

761 

— — 

— 

1 

— 

— 

— — 

1 

100-RE 

1929 

Beth- 











lehem 

541 

— — 

— 

— 

1 

— 

— — 

1 

100-RE 




Atchison, 

Topeka 

& 

Santa 

Fe 



1927 

Inland 

3113 

— — 

— 

— 

— 

— 

— 1 

1 

110-RE 

1928 

Colorado 

966 

— — 

— 

— 

— 

— 

— — 

— 

90-SG 

1928 

Colorado 

12285 

— — 

— 

3 

— 

— 

— — 

3 

110-RE 


Note. — Santa Fe also reported 5 scrappy head rails. 


New York Central Lines — ^To July 1, 1930 
New York Central — ^East 


1926 Lacka, 

4590 

3 

5 

— 

32 

54 

3 

2 

4 

103 

127-Dudley 

1927 lacka. 

2476 

2 

— 

— 

2 

8 

— 

— 

— 

12 

127-Dudley 

1928 Lacka. 

14503 

— 

— 

— 

5 

7 

— 

— 

1 

13 

127-Dudley 

1929 Lacka. 

34757 

— 

— 

— 

5 

18 

3 

— 

— 

26 

127-Dudley 

1925 Lacka. 

1367 

16 

5 





'22 





1 

44 

105 -Dudley 

1926 lacka. 

3033 

11 

3 

— 

— 

19 

— 

— 

— 

33 

105-Dudley 

1927 Lacka. 

2281 

1 

— 

— 

— 

7 

— 

— 

2 

10 

105-Dudley 

1928 Lacka. 

12904 

— 

1 

— 

1 

2 

1 

2 

3 

10 

105-Dudley 

1929 Lacka. 

5081 

— 

— 

— 

— 

— 

3 

— 

— 

3 

lOS-Dudley 




Boston 

& Albany 





1926 Lacka. 

975 

5 

— 

— 

6 

5 

— 

1 

1 

18 

105-Dudley 

1927 Lacka. 

1004 

5 

— 

— 

3 

2 

— 

— 

— 

10 

105-Dudley 

1929 Lacka, 

1627 

— 

— 

— 

2 

— 

— 

— 

— 

2 

105-Dudley 



New York 

Central— 

-West 




1928 Lacka. 

2591 

— 

— 

— 

— 

— 

— 

— 

— 

— . 

127 Dudley 

1929 Lacka. 

5824 

— 

— 

— 

— 

3 

-- 

— 

1 

4 

127 Dudley 

1926 Illinois 

3431 

4 

— 

— 

28 

66 







98 

127 Dudley 

1927 Illinois 

7974 

— 

— 

— 

3 

9 

1 

— 

— 

13 

127 Dudley 

1928 Illinois 

19163 

— 

— 

— 

5 

— 

— 

— 

— 

5 

127 Dudley 

1929 Illinois 

202D6 

— 

— 

— 

3 

1 

— 

— 

— 

4 

127 Dudley 

1926 Illinois 

1475 

— 

— 

— 

5 

1 

— 

— 

— 

6 

105 Dudley 
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urn 

Tom 

Rolled 

Tram. 

Fiss. 

Comp. 
Fiis. 
Ilork. 
Fiss. or 

split 

split 

Head 

Crush. 

Head 

Web 

Base 


Total 


•S 

1926 

Illinois 

2188 

C. C. C. & St. L. 

— — — 8 30 1 — 


39 

105 

Dudley 

1927 

Dlinois 

166 


— 

— 

105 

Dudley 

1929 

Illinois 

12506 






127 

Dudlev 

1929 

Inland 

6585 

— — — 1 — — — 

— 

1 

127 

Dudley 

1928 

Illinois 

5000 

Ohio Central Lines 



105 

Dudley 

1929 

Illinois 

4008 


— 

— 

105 

Dudley 

1926 

Carnegie 

1001 

Pittsburgh & Lake Erie 


7 

115 

Dudley 

1927 

Carnegie 

2667 

— — — 1 — — — 

— 

1 

115 

Dud’ey 

1928 

Carnegie 

2957 

— — — 2 — — — 

— 

2 

115 

Dudley 

1928 

Carnegie 

1873 


— 

— 

115 

Dud.ey 


Note. — ^The New York Central Lines classify so-called horizontal fissures 
as either crushed or split heads, depending upon development of this defect. 


7, How do intermediate manganese and standard open hearth rail 

failures compare, giving detailed statement, or general con- 
clusions. 

Boston & Maine. — ^The split head failures of the 130-lb. manganese have 
greatly exceeded the average of any other rail shipment in recent years. 

Canadian National. — ^Intermediate manganese rails have not been long enough 
in use on these lines to form conclusions. They showed an abnormally 
high percentage of failures during the first year which was probably due 
to lack of experience of the mills in making this kind of steel. 

C. B. & Q- — With the exception of a few heats which show numerous hori- 

zontal fissures our experience indicate that the failure rate of inter- 
mediate manganese rail is materially lower than standard open hearth 
ran. 

D. L. & W. — Up to the present time the failures in intermediate manganese 

rails indicate a less number of transverse fissures, and a greater number of 
vertical and horizontal split heads than in plain open hearth, 

N. Y. C. Lines. — Rails rolled from over 2,000 heats have been placed in service, 
yet rails from 24 heats account for 55 per cent of the total failures, 
indicating irregularities in composition, open hearth and rolling mill 
practice. The failures are almost entirely of the horizontal or vertical 
split t 3 rpe. While the rate of failure for this defect is much higher than 
for standard open hearth rails, failures of the interior transverse fissure 
tjrpe are decidedly less numerous. 

Northern Pacific. — Only small tonnages have been installed, which indicate a 
rate of failure about twice that of the standard open hearth rails. This 
applies to comparisons of less than 1,000 ton lots, and of the 130-lb. 
section. 

Southern Ry. — ^The intermediate manganese rail purchased has been in about 
one year, and whUe few failures have developed to date, there have been 
more failures, on a per hundred mile basis, in the intermediate man- 
ganese than in op^ hearth rail. 

8. Report special tests or investigations on failed or defective 
intermediate manganese rails, and conclusions derived there- 
from. 
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Canadian National. — Chemical analysis of failed rails checked and found 
within the limits of the specification. 

Etchings and sulphur prints made of sections from failed (split 
head) rails and examined under microscope at magnifications of 100 to 
1000 diameters. From these examinations it appeared that the cracks 
were the results of the strain Imes in the metal which followed through 
segregated areas. Further examinations and tests are being carried out 
but not reported on as yet. 

C. B. &: Q. — Co-operative investigations were conducted with the Illinois 
Steel Company, Inland Steel Company and R. W- Hunt & Company, 
embodied in three reports. The work was mostly on failed 110 pound 
rails, which had developed horizontal and vertical split heads. Failures 
reported were mostly from the lower parts of the ingot. Figures shown 
below are minimum and maximum obtained. 


Report No. 1. 

Chemistry — ^Failed Rails — Carbon 0.61 to 0.66 Mang. 1.41 to 1.73 

New Rads — Carbon 0.58 to 0.61 Mang. X.31 to 1.38 


Tensile Properties: 

Failed Rails 

Longitudinal Transverse 

Ultimate Strength 143000 to 145000 54,000 to 128000 

Elongation 8.5 to 9.5 0.0 to 11.5 

Red. of Area 10 to 11 0.0 to 21.0 

New Rails 

Ultimate Strength 128000 to 135000 125000 to 133000 

Elongation 10.5 to 15.0 7 to 8 

Red. of Area IS to 22.5 9 to 17 


All fractures were ciy^staUine. 


Failed Rails New Rails 

Brinell 232 to 239 200 to 217 

Charpy Impact 136 to 142 172 to 184 

Torsion Test 51000 to 54000 73000 to 82000 


Macro etching on failed rails — ^Spongy or porous centers with fairly 
numerous diagonal and vertical cradis or checks on the cross-sections. 
Splits follow to considerable extent the outline of the spongy center. 

Micro etching on failed rails — Well defined martensite of needle-like 
structure. Cracks plainly shown in these areas. The surrounding struc- 
ture was pearlitic. 

Macro etching on new rails — ^Solid structure. No segregation and no 
cracks. 

Micro etching on new rails — ^Fine pearlitic structure. No martensite. 

RejKjrt No. 2 — One failed rail of the vertical split type. 

Carbon 0.73 Manganese 1.61 
Sulphur print shows no segregation. 

Mnrco-etching — shows fairly spongy center in head, extending into 
the web. Numerous diagonal and vertical checks or cracks are 
sho'ra on the cross-section. Martensite partially indicated. Micro- 
etching — ^Patches of martensite are clearly defined with cracks run- 
ning across these areas. 

Report No. 3 — 16 failed rails investi^ted out of the 52 returned. They 
were mostly D and E rails, and included vertical and horizontal splits 
as well as several horizontal ^lits at the rail ends. 

Chemistry — Carbon 0.62 to 0.6S Manganese 1.44 to 1.64 
BrineQ — 2S5 to 293 on head sections. 

Sulphur prints — Fairly uniform. No segregation. 

Macro-etchinjg — Spongy or i>orous center wdth small cracks. 
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The splits follow through the outline of the spongy center, which is 
dearly shown on several etched cross sections. ^llcro-etchig — 12 to 
16 of the rails showed thermally altered top surface from wheel burn- 
ing or slipping. In the cross section below were martensite areas with 
cracks running through these zones. The surrounding structure was 
troostite and sorbite. 

A special experiment is reported where one section of a failed rail 
was heated to 1800°F., then cooled by a fan and martensite vras 
reproduced in this manner. 

D. L. & W. — Has made a study by means of a series of graphs or charts show- 
ing carbon and mangenese contents of all heats rolled, and also similar 
^arts for failed rails. These show quite plainly that failures are largely 
in the upper or top portions of the carbon and manganese ranges. 

A large number of O and IVI analyses showed absence of any im- 
portant or prominent segregation. 

N. Y. C. Lines. — Carbon and manganese of heats and failed rails studied and 
plotted up. Failures mostly near the top of the specified limits. 

Tests made on a number of representative failed rails. Carbon segre- 
gation small and unimportant. Tensile properties high, except for oc- 
casional low elongation and reduction of area. Sulphur prints show 
soimd metal with but few streaks, spots or inclusions. Brinell 
numbers generally high, nmning from 250 to 300 or higher. Structure 
imder the microscope mostly fine grained pearlite bordering into sorbite. 
A number of tests carried on by etdiing to bring out martensite, but none 
found either at the mill or railroad laboratory. Deep etchings generally 
showed shattered condition in interior of head as indicated on longi- 
tudinal slabs. This was the most prominent feature, and seemed to be 
associated more with the failure or defect than any other property or 
condition found. 

A. T. & S. F. — ^Makes a report on one rail investigated, after having furnished 
considerable information on their report submitted the year previous. 
The rail in question was a degraded X rail that failed through a bolt 
hole. The manganese content w^as 1.85 per cent, which was outside the 
limits of the present specification. 

9. What conclusions, briefly stated, have you arrived at as to the 
relative merits of intermediate manganese compared to stan- 
dard open hearth rails? 

Boston & Maine. — ^No definite conclusions can be stated due to the short time 
rail has been in track. 

Canadian National. — ^No conclusions arrived at. 

C. B. & Q- — ^We have been more or less disturbed by the numerous hori- 

zontal fissures occurring in certain heats of a few rollings of inter- 
mediate mangan^ rail, and are awaiting developments with considerable 
interest. The mill people and mill inspectors are of the opinion the 
situation is not serious and that ways and means can probably be found 
to remedy this trouble. Outside of these horizontal fissures we are con- 
vinced t^t the intermediate manganese rail is definitely superior to 
ordinary standard open hearth rail as to strength, toughness, durability 
and freedom from failures. 

D. L. & W. — ^Judging from the chemical analysis of the rails that have failed 

due to split heads, the indications are that both the carbon man- 
ganese content have been too high. The majority of the failures due to 
split heads have been in heats toward the higher limits in both carbon 
and manganese. 
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In the past the specifications allowed carbon as high as 0-67 and 
manganese to 1.60. In the future limits to be used will be carbon 0.52 to 
0.65 and manganese 1.20 to 1.50. 

The results secured from the use of intermediate manganese rail to 
date indicate that we are securing enough better service from this rail 
as compared with standard open hearth to warrant the continuance of its 
use. As previously stated, it is possible that the ranges of carbon and 
manganese have been too high and it is now the intention to reduce 
both slightly to see if the number of failures due to split heads cannot be 
reduced, and at the same time hold the transverse fissures to a minimum. 

N. y. C. Lines. — ^From the results of a further study of mill inspection and 
tests of rails, studies in the laboratories on both new and defective 
material, intermediate manganese rails continue to show superior physical 
properties, finer grain structure, more toughness, greater freedom from 
segregation, and smaller percentages of mill defects than standard open 
hearth rads. Wear on curves is in general considerably less. Batter, 
chipping and head wear measurements on tangent track do not show a 
material difference for the two classes of rails after 4 to 5 years service. 
Head failures of the vertical or horizontal split type have been higher 
with fissures much lower than for standard open hearth rails. 

Study of failures indicates the desirability of lowering the carbon 
limits two or three points and the manganese 5 to 10 points. Steel rails 
with carbon Lq the vicinity of 0.70 and manganese around 1.70, either 
together or singly seems to be susceptible to failure, showing the de- 
sirability of using steel considerably lower in these elements. 

Northern Pacific. — While the tonnage of intermediate manganese rail is per- 
haps too limited to draw any defimite conclusions, there seem to be indica- 
tions that these rails are peculiarly susceptible to the development of 
so-called horizontal fissures. If it is true that the addition of con- 
siderable percentages of manganese tends to predispose rails to the de- 
velopment of this type of f^ure without at least a corresponding de- 
crease in other types of failure, it is not believed that the savings in the 
way of reduced wear justify the more extensive use of this t 3 T 3 e of 
rail. 

Southern Ry. — ^Intermediate manganese rails have not been in service long 
enough to come to any conclusion as to relative merits compared with 
open hearth rail. 

A. T. & S. F. — ^The results up to the present time are very favorable to inter- 
mediate manganese rail. 

Chesapeake & Ohio. — ^In 1926 they bought 250 tons of the 100 lb. AJRA.B. 
section from the Maryland pl^t, Bethlehem Steel Company, and laid on 
the James River Sub-division. All of this rail has given good service 
for wear equal to about three times as much wearing resistance as the 
standa r d open hearth rail over the same section, and has only developed 
five failures. 

Two hundred and fifty tons were also bought from the Illinois 
Steel ComiMuiy, Gary Works, of the same weight and section laid at 
the same time, but on the Barboursville District. This rail started to 
break about one month after installation, and breaks continued through- 
out 1927 in increasing numbers until it became necessary to take out the 
entire tonnage in March, 1928. At that time there had been 106 failures. 

Another test from the two mills might reverse this performance. As 
the rails we used were rolled to the same analysis, there seems no reason 
for the failure of rails from one mill and good performance of the rail 
from the other mill. 

We have practically eliminated excessive wear on the outside rails 
of curves by the use of rail greasing machines and are not" considering 
the further use of manganese rail. 
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OTHER ALLOY STEEL RAILS 

Boston & Maine. — 


1. Tonnage Purchased: 





Kind 

Company 

Plant 

Weight 

Section 

Tons 

Chromium 

Zirconium 

Bethlehem 

Steelton 

130 lb. 

R.E. 

10.6 

Treated 

Med. Mang. 

Bethlehem 

Steelton 

130 lb. 

R.E. 

69 


2. The composition of standard open hearth rails was changed so that 

0.50 per cent carbon was replaced by 1.39 per cent chromium; other 
specifications remai n i n g the same. While steel conforming to specifica- 
tions of intermediate manganese was in the ladle, 0.035 per cent zir- 
conium was added to give this alloy rail. 

3. The zirconium treated medium manganese was tested by the UB. 
Bureau of Standards for Endurance Properties. Results published in 
AJR.JEA.. Bulletin, Vol. 31, No. 326, June, 1930. 

5. Batter curves are attached. 

Chipping 

4 chipped ends on 15 Chromium Rails 
10 chipped ends on 60 Carbon Rails 
6 chipped ends on 60 Zirconium Rails 

6. No rail failures to August 31, 1930, after 14 months service. 

9. The chromium rails were too soft, consequently the service life will 
be shorter than standard carbon rails. The zirconiiun rails wear at ap- 
proximately the same rate as medium manganese rails. 


Exhibit B 

Heat Treated Steel Rails 
QUESTIONNAIRE ON HEAT TREATED RALLS 

1. Rails purchased, not previously reported, giving following details: 

COMPANY PLANT NO. RAILS LENGTH ROLLED 
WEIGHT SECTION 

2. Report results of special tests on new rails, comparing treated versus un- 
treated. 

3. Present contours or tabulated results of investi^tions on wear of rail 
heads, comparing treated and untreated rails, giving details of curvature, 
tonnage, age of rail, etc. 

4. Present general or specific data on batter and chipping of rail ends, com- 
paring treated and untreated rails. 

5. Itemized list of any rail failures. 

6. Report results of investigations on any failed heat treated rails. 

7. What conclusions, briefly stated, have you arrived at of the relative merits 
of treated compared to untreat^ rails? • 

Replies to the questionnaire indicate that the railroads have been marking 
time during the past year so far as heat treated mils are concenred. The 
only new tonnages reported are 500 tons for the Delaware and Hudson, and 
150 tons for the Interborough Rapid Transit Company, whidi were pur- 
chased from the Steelton plant, Bethlehem Steel Company. 

The reports show that no failures of any type have developed which is 
even all the more remarkable when consideration is giv e n to the fact that 
these heat treated rails are in about the most severe service on the various 
railroads. 

Batter and chipping, as wdl as crosswise flow, particularly on the low side 
of curves is mudi for treated compared to untreated rails. 



Hoosick Falls, New York 
Total Batter-Eiq-ht and one Half degree curve 
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Data as to wear is indicated in the comparisons shown below. 

Several steel mills have been experimenting w’ith heat treatment of rails, 
but the only one producing on a commercial basis is the Steelton plant of the 
Bethleheni Steel Company. Under the direction of E. F. Kenney, Metallur- 
gical Engineer, the process has been further perfected, and we are indebted 
to Mr. Kenney for the following description of the present method of 
operation: 


HEAT TREATMElSrr OF RAILS 

Rails to be treated are manufactured in the same manner as ordinary 
rails up to the point -where the latter are pushed from the runway on to the 
cooling beds. The rails for treatment proceed on the runway to the Treat- 
ing Plant, From the runway they are pushed into an elevatmg device which 
rotates them in a position where two of them are seized by a crane which 
holds them suspended horizontally with the head down. They are immersed 
in water in this position when the temperature is just above the critical range, 
and held immers^ for about one-half minute (the exact interval depending on 
the section). Immediately after removal from the quench, equalization of 
the temperature of the various parts of the quenched rail is accomplished in 
a bath of 170 tons of molten lead. This rapidly reheats the parts w’hich have 
been most rapidly cooled, and in less than three minutes every part of the rail 
is brought to a uniform temperature- The stresses incidental to quenching 
are at the same time relieved, so that the rail enters the annealing furnace 
free from temperature differentials and from internal stresses. Ihis rapid 
equalization permits of thorough quenching -without risk of the rail cooling to 
temperatures where rail steel becomes brittle. This lead equalization has 
simplified the annealing, and results in a much straighten rail than -w^as ob- 
tained before its use. Means have been pro-vided for hot straightening rails 
after they have been annealed, so that final straightening involves only very 
light work. 

The improvements noted have so far perfected the control in treatment 
that we have been -warranted in reducing the annealing temperature, produc- 
ing rails higher in elastic limit and Brinell hardness than the rails treated 
earlier. 

Aside from the first lot of higMy experimental rails, none of the rails 
treated from the mill heat (approximately 800 tons), which have been in 
track for nearly two years, have failed, although raffs from some of the same 
heats which were untreated have failed by development of transverse fissures. 

Baltimore & Ohio. — ^Wear on tangent ra^ and upon those located on the 
four degree and e^ht degree thirty minute curves has been so slight as to 
not justify recordi^. 

The average abrasion of untreated high and low raffs compared to 
heat treated on a ten degree curve are given below: 


Number of rails in 

test 

Elevation of curve... 

Speed limit 

Tonnage for 18 

months 

Av. Area Abraded- 

High rails 

Av. Area Abraded- 

Low rails 

Carbon content 

Manganese content . . 


Treated Rail 

15 high-— 15 low 
3 in. 

20 m.ph. 

25,700,000 

0.231 sq. in. 

0.175 sq. in. 
0.72—0.89 
0.50—0.90 


Unlrealed Rail 

7 high — 7 low 
3 in. 

20 m.pJh. 

25,700,000 

0.329 sq- in. 

0J201 sq. in. 
0.77—0.84 
0.55—0,75 


From the abrasion sections, the relative rate of wear to date is, assum- 
ing heat treated raff as 100 per cent: 
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Heat treated 100 % 

Untreated 130.5% 


The average batter at inch from rail ends is from two to three 
thousandths of an inch less on the heat treated than on untreated rail. 

Boston & Maine. — Submitted a number of contours with tonnage data in- 
dicated, which shows a much lowrer rate of wear than any other steel 
under investigation. Relative wrear is shown in the charts included in 
their report on intermediate manganese rails. 

Batter measurements show much lower values than for any other 
type of steel. As to chipped ends, there are 17 on sixty heat treated 
rails, against 10 on sixty standard untreated carbon rails. 

Their report concludes that the wearing qualities, both flange and 
rail end, exceed any other rail they have imder test. 

N. Y. C. Lines. — Sperry car run over the heat treated rails on one curve. The 
rails, particularly on low side, are badly burned and showed up with 
many three pen indications on the tape. In addition the rails had a 
number of surface bends due to gagging during straightening, and these 
also showed up on the tape. Hand checks made at several locations 
where three pen indications were obtained, but the results w'ere negative. 

Batter at the ends shows practically no difference on the high side 
between treated and untreated rails. On the low side of the curves the 
treated rail is battering, chipping and flowing considerably less than un- 
treated rail. 

Wear measurements show as follows: 

High Rails Low Rails Average 

Area Abraded Area Abraded Area Abraded 


Treated Rails 292 sq. in. .102 sq. in. .197 sq. in. 

Untreated Rails .236 sq. in. J22S sq. in. .231 sq. in. 


Taking the untreated rails as 100%, the wear for the treated rails 
is 85.3%. 

Norfolk & Western. — 

Their installation is on a six degree curve; the rails having been in for 
approximately three years. Contours recently taken show that taking the 
untreated rafls as 100%, the wear for the treated rails is 53.2%. 

Southern Pacific. — 

The rails are of the 130 lb. PJS. section and were installed in August, 
1928, distributed as follows: 

0.088 miles on 10® 15' curve (No. 56) 

0.053 miles on 9® 52' curve (No. 71) 

0.086 miles on 10® 25' curve (No. 72) 

Grade of track — ^2.02 per cent on all curves. 

Tonnage over track from August 20, 1928, to June 30, 1930, has 
been 36,078,209 G.T. 

Following tabulation shows comparison of wear, in sq. in., during 
this p»eriod: 


Curve 


Heat Treated Rail 

Untreated Rail 

No. 

Degree 

High 

Low 

High 

Low 

56 

10® 15' 

0.47 

0J22 

0.50 

0.42 

71 

9® 52' 

0.21 

0.15 

0.30 

0.26 

72 

10® 25' 

0.16 

0.12 

0.26 

0.25 


Average 

0.280 

0.163 

0.353 

0.310 


There is a^ slight amount of chipping on the high side mils, and con- 
siderable chipping on low side rails, indicating no particular advantage in 
this respect. 
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To the American Railway Engineering Association: 

Your Committee on Water Service and Sanitation presents below its re- 
port to the Thirty-Second Annual Convention on the following subjects as 
assigned by the Board of Direction: 

(1) Revision of the Manual: Committee reports progress. 

(2) Cause and Extent of Pitting and Corrosion of Locomotive Boiler 
Tubes and Sheets: Progress report appears as Appendix A. 

(3) Relative Cost of Eliminating Impurities in Locomotive Boiler Water 
Supply and \'alue of Treatment: Progress report appears as Appendix B. 

(4) Standardization of Equipment and Materials Used in Railway Water 
Service: Final report is submitted in Appendix C, 

(5) Automatic and Remote Control of Pumping Equipment: Final re- 
port is submitted in Appendix D. 

(6) Development of Deep Well Pumping Equipment: Committee re- 
ports progress. 

(7) Design and Maintenance of Track Pans for Locomotive Supply: 
Committee reports progress. 

(8) Protection of Water Pipe Line System from Electrolysis: Final re- 
port is submitted as Appendix E. 

(9) Application and Comparative Economy and Effectiveness of Various 
Coagulants Used in Softening and Clarifying Water for Locomotive Boilers: 
Committee reports progress. 

(10) Chemical Control and General Supervision of Water Softening 
Plants: Final report is submitted as Appendix F. 

(11) Protection of Boilers and Boiler Materials from Corrosion and 
Deterioration While in Storage: Final report is submitted as Appendix G, 
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(12) Progress Being Made by Federal and State Authorities on Regula- 
tions Pertaining to Drinking Water Supply: Progress report appears as Ap- 
pendix H. 

(13) Sewage Disposal Facilities Where Sanitar>^ Facilities are not Avail- 
able: Committee reports progress. 

(14) Methods of Laying Cast Iron Pipe, and Prepare Complete Specifi- 
cations: Final report is submitted as Appendix I. 


Action Recommended 

Your Committee recommends the following action on its report: 

(1) That the subject matter in the Manual be again referred to the 
Committee for further study and report. 

(2) That the progress report on pitting, and corrosion of boiler tubes 
and sheets, be received as information and the subject reassigned to the 
Committee for further study and report. 

(3) That the progress report on cost of eliminating impurities in loco- 
motive boiler water be received as information and the subject continued. 

(4) That the final report on standardization of railway water service 
equipment be received as infoimation. 

(5) That the final report on automatic and remote control of pump- 
ing equipment be received as information. 

(6) That the subject of development of deep well pumping equipment 
be reassigned for further study and report. 

(7) That the subject of design and maintenance of track pans for loco- 
motive supply be reassigned for further study and report. 

(8) That the final report on protection of pipe lines from electrolysis be 
received as information. 

(9) That the subject of application and comparative economy and 
effectiveness of various coagulants be reassigned for further study and report. 

(10) That the final report on control and supervision of water softening 
plants be received as information. 

(11) That the final report on protection of boilers and boiler materials 
from corrosion and deterioration while in storage be received as information. 

(12) That the progress report on drinking water regulations be received 
as information and the subject be reassigned for further study and report. 

(13) That the subject of sewage disposal facilities where sanitary facili- 
ties are not available be reassigned for further study and report. 

(14) That the final report on methods of laying cast iron pipe be ac- 
cepted as information and that portion of the report giving specifications for 
la 3 nhg cast iron pipe be accepted for inclusion in the Manual. 

Respectfully submitted, 

COIOOTTEE ON WATER SeRVICSE AND SANITATION, 

_ R. C. Baedweix, Chairman. 
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Appendix A 

(2) PROGRESS REPORT UPON THE CAUSE AND EXTENT 
OF PITTING AND CORROSION OF LOCOMOTIVE 
BOILER TUBES AND SHEETS, GIVING CONSIDERA- 
TION TO THE QUALITY OF WATER, CHARACTER OF 
METALS, METHODS OF MANUFACTURE AND TYPES 
OF BOILER CONSTRUCTION 

J. H. Davidson, Chairman, Sub-Committee; E. M, Grime, W. M. Barr, R. E. 
Coughlan, B. W, DeGeer, L. E. Elliott, J. H, Gibboney, C. H. Koyl, 
* J. J. Laudig, E. M. Miller, 0. T. Rees, R. M, Stimmel. 

Previous reports of this Committee on this subject have discussed fully, 
the theories concerning the causes of pitting and corrosion in locomotive 
boilers. (See pages 493-495 of Volume 23 of Proceedings). These reports 
have also outlined several methods that have been recommended for in- 
hibiting pitting and corrosion. (See pages 411-413 of Volume 31 of Proceed- 
ings) . Some of these methods have been used with very gratifying results on 
several railroads. During the past year no new methods of merit for pre- 
venting pitting and corrosion have come to the attention of the Committee, 
The treatment of the boiler feed-water so as to maintain the proper 
caustic alkalinity in the water in the boiler, has thus far had a much wider 
application than any other method suggested for inhibiting pitting and corro- 
sion, and this method has generally been successful. 

The use of the counter-electric potential method, with the use of added 
chemicals, to the feed-water, has expanded considerably during the past year 
and some very satisfactorj' results have been reported. 

Very carefully conducted tests with open feed water heaters, which re- 
move over 80 per cent of the dissolved oxygen from the feed-water before it 
enters the boiler, have been conducted and results obtained demonstrate the 
ef&cacy of this method of preventing pitting and corrosion, when properly 
supervised. 

A great many service tests are now being carried out on various railroads, 
using the methods outlined above, as well as some others. Also there are 
many service tests being conducted with fire-boxes and tubes, manufactured of 
different metals and alloys, recommended as resisting corrosion. These tests 
are, for the most part, incomplete, but by this time next year, we should be 
able to present an interesting summary of the results of these tests. 
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Appendix B 

(3> RELATIVE COST OF ELIMINATING IMPURITIES IN 
LOCOMOTIVE BOILER WATER AND THE VALUE OF 
TREATMENT- WITH RESPECT TO CHEMICALS AND 
COMPOUNDS APPLIED DIRECT TO LOCOMOTIVE 
BOILERS AND ROADSIDE TANKS, AND CONDITIONS 
UNDER WHICH THEY MAY BE DESIRABLE 

C- H. Koyl, Chairman, Sub -Committee; R. W. Chorley, R. E. Coughlan, 
W. L. Curtiss, B. W. DeGeer, L. E. Elliott, R. N. Foster, J. H. Gibboney, 
J. R. Hickos, H. L. McMullin, E. M. MiHer, S. B. Mitchell, A. 'E. 
Willahan, Dennistoun Wood. 

In our report of 1927 (Proceedings, page 227) we stated our belief that 
for boiler purposes “few natural waters are so good that some form of treat- 
ment does not improve them.” 

In our report of 1928 (Proceedings, page 134), we stated our belief that 
for very hard natural waters there is no question that they should be both 
softened and cleaned of precipitate before they reach the boiler, and that the 
advantage of clean soft water to a boiler is so great that the expression “com- 
plete treating plants are not justified” should be used with caution. 

Yet there is some . point, dependent on the character of the water and 
the amount used, below which “interior treatment” will serve the purpose, 
where definitely recognized chemicals are used under proper supervision. 

Even the most experienced are not yet of one mind as to the location of 
this point either in the scale of hardness or in the amount of water used at 
any one station, and the reasons for the lack of agreement are principally two. 
First, some are trying to determine, the point below which interior treatment 
is desirable from the standpoint of economy while yet maintaining good 
operating conditions for the average engine crew, but others are trying to 
determine a higher point below which interior treatment is possible by the aid 
of various expedients which wiH bet the engine over the road. Second, the 
location of the point is changing every year because of improvements in 
methods and applicances. 

A few years ago the addition of chemicals for interior treatment was a 
rather haphazard matter except with a few careful students, and no regular 
examinations of the water in the boiler were made except by the same careful 
few, while now it is recognized by everyone that the addition of chemicals 
must be exact and that regular examination of the water in the boiler is the 
best test thereof. 

Continuous deposition of sludge within the boiler requires regular and 
frequent blowing out, and veiy considerable improvement in boiler blow- 
down equipment and operation is also found in recent years. 

Attention was drawn by this Committee in 1928 Proceedings, page 137, 
to the fact that the mechanical condition of the sludge, that is, the size of its 
particles, has much to do with its tendency to cause foaming, and every effort 
is now being made so to precipitate the sludge as to get a large preponderance 
of heavy particles. 

These efforts, and some others, all tend to increase the field for successful 
interior treatment; and, at the same time, there has been continuous reduc- 
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tion of expense of operation of complete treating plants by substitution of 
automatic appliances for hand labor; so that, coming do'WTi from very hard 
waters and large plants, we reach something like 7 or 8 grains-per-gallon hard- 
ness and something like 5,000 gallons per daj" used before we find that the 
savings in boiler maintenance and operation are less than the expense of 
operation of a complete treating plant plus a 10 per cent allowance for interest 
and depreciation. And, on the other hand, we find that many waters much 
harder than 8 grains-per-gallon can be handled by modem methods of interior 
treatment. 

In this overlapping space, within -which both processes are economical, 
we can perhaps find a means of deciding between them if we rearrange this 
year’s title to read: 

(a) Under what conditions is it desirable to soften water within 
the boiler by the aid of chemicals applied either to the boiler 
or to the roadside tank? 

(b) What are the relative costs and values of -various chemicals so 
applied ? 

On the first question some light can be thro-wn by a discussion of boiler 
foaming. 

Boiler foam when particles of sludge or mud, especially very small and 
light particles, get to the surface of the water in the boiler and so cover and 
strengthen the watery films of the stream bubbles that the films break with 
difficulty, and the bubbles accumulate on the surface of the w-ater imtil when 
they do break, the steam is wet. 

The less the sludge and the hea-vier the particles, the fewer the particles 
that will float. The purer and lighter the water, the more difficult it is for 
these particles to rise; the more sodium sulphate and chloride in solution in 
the water, and therefore the hea-vier the water, the easier for the particles to 
float. 

The principal difference between water softened in a plant set apart for 
the purpose and -svater softened in a boiler by chemical added either to the 
boiler or to the roadside tank, is that the first contains only 2 or 3 grains-per- 
gallon of matter which can be precipitated in the boiler while the second 
deposits in the boiler aU of the original matter which made it hard. 

Water softened to 2 grains-per-gallon before it reaches the boiler deposits 
little sludge, but its particles are of necessity very small and light and the 
tendency of such water to foam is greater than that of most hard waters. 
Water softened within the boiler deposits all the heavy sludge and as much 
fine sludge as the other water, so that on the whole, the tendency to foam of 
■water softened within the boiler is greater than that of water softened out- 
side. 

Under these conditions it is apparent that the other factor affecting the 
tendency to foam — ^the hea-viness of the water, -which depends on the 
amount of dissolved salts, must be the dedding factor in ordinary cases. 

Bearing in rniTid that we are tr 3 dng to determine when it is durable 
to use interior treatment, and not merely when it is possible; that we are 
thi-nlring of the ordinary engine crew and not of the expert western cre-ws 
who have banHlpH foaming boiler -water all their lives; that we are sp>eakiDg 
of tonnage trains in fast main-line service; and remembering that "these condi- 
tions rail for water that can be used without foaming, up-hill or do-wn, with- 
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out the use of anti-foam compound and without excessive blowing-down, we 
jBnd ourselves limited to fairly good grades of water and fairly clean boilers. 
It is true that locomotives differ in their water-carrying power and that 
enginemen differ in their skill but, in general and for above conditions, the 
concentrated water in a locomotive boiler should not exceed 100 grains-per- 
gallon of total dissolved solids, and in ordinary cases that 'will limit the water 
to 15 grains-per-gallon as it goes to the boiler. 

For traffic conditions as above, and for a few’ stations along the road, 
perhaps sand-wiched in between lime-soda plants, it may be that an upper 
limit of 15 grains-per-gallon of alkali salts can be set, but we cannot set an 
upper limit to the hardness or the dissolved salts of waters which it is 
possible to use by means of interior treatment aided by anti-foam compound 
and unlimited blow-down. 

Many railroads use interior treatment on waters whose use is small and 
whose hardness and sodium salts are low; and the statement that the operat- 
ing expense of softening -within the boiler is less than that of softening out- 
side is true only of these waters of small use, low hardness and low alkali 
salts. On the Chicago, Milwaukee, St. Paul & Pacific, where there are several 
himdred miles of very hard waters formerly handled by the methods of in- 
terior treatment then current, there are now about 70 lime-soda softening 
plants and 20 soda-ash plants, and the annual cost of all the chemicals used, 
including some anti-foam compound, is less than the annual cost ten years 
ago of anti-scale and anti-foam compounds, and at that time the mileage be- 
tween boiler failures on the road was 35,000 while now it is 5,000,000. Such 
examples of record, and there are many of them, supply the best data for 
comparing the relative costs and benefits of the various methods of handling 
such waters. 


RELATIVE COSTS AND VALUES OF CHEMICALS USED IN 
BOILERS OR TANKS 

Returning to a discussion of the chemicals used in softening in the boiler 
such -waters as should be so treated: 

Of the chemicals used in interior boiler treatment, soda-ash, first used by 
Porter in England in 1S45, is so much cheaper than the various anti-scale 
compounds of which it frequently forms the principal part that many rail- 
roads have endeavored to train their engine crew^s in its use. 

When the water in such a boiler is examined at regular intervals it is 
found to be soft and to have a sodium-carbonate-or-caustic alkalinity of 15 
per cent of the total dissolved solids. When soda-ash is used in road loco- 
motives the custom is to add to the -water in the roadside tank enough dis- 
sol-ved soda-ash to neutralize the sulphate hardness, and enough more to equal 
15 per cent of the total sodium sulphate and chloride in the water. Thus, 
when the treatment is exact, the gradual concentration in the boiler fre- 
quently makes the total alkalinity as high as 20 grains-per-gallon; and an- 
other drcumstance sometimes makes it higher still, even up to 40 or SO 
Srakis-per-gallon. This is from the fact that some waters react slowly with 
soda-a^, even at boiler temperature, and the precipitate is so fine that it 
does not settle well and the boiler starts to foam. The remedy for is to 
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increase the charge of soda-ash, which in turn increases the size of the 
particles of precipitate so that they have less tendenc>’ to float, and the foam- 
ing ceases but the alkalinity of the boiler water rises. 

Throughout the countr>% and particularly in the Northwest, are many 
natural waters with carbonate hardness and frequently 15 to 25 grains-per- 
gallon of sodium bi-carbonate (the equivalent of soda-ash) and it was ob- 
served years ago that when these waters are used in stationary boilers there 
is no scale, and no foaming if the boilers are kept well blown down. This 
knowledge appears to have been utilized first on the Chicago, Burlington & 
Quincy Railroad, in 1906, in the general use of soda-ash, added in solution 
to the roadside tanks in carefully calculated amounts according to the 
character of the water, and is still used to some extent on that road, but has 
been used to the exclusion of other methods of water softening on the 
Wabash, the Chicago & Alton, and the St. Louis-San Francisco. 

For interior boiler treatment there are also a few reliable anti-scale com- 
pounds which are generally composed of soda-ash, tri-sodium phosphate, 
tannin compounds, and sometimes small proportions of other chemicals. The 
cost varies with the kind of water and runs between 3 cents and 15 cents per 
thousand gallons of water. 

When the water in a boiler is properly treated with any of these com- 
pounds and the boiler is kept blown down below the foaming point, the 
regular examination of the water in the boiler on the arrival of the loco- 
motive at a roundhouse will show a sodium-carbonate-or-caustic alkalinity of 
at least 3 grains-per-gallons. 

The Canadian National Railways operates its line between Sarnia and 
Montreal, a distance of 511 miles, by this method, and those in charge ascribe 
the good condition of the boilers and the general freedom from foaming to a 
careful compliance with the rules that the boilers must be systematically 
blown down on the road and that at the daily roundhouse examinations of 
water from the boilers the sodium alkalinity shall not fall below 3 grains- 
per-gallon. 

During the last few years there has been on the market a new chemical 
for this purpose, sodium aluminate, in either liquid or dry form. This 
chemical has one valuable property in water softening, in that it combines 
with magnesia to form a heavy precipitate which settles readily. Probably tne 
chemical is never used in its pure form, but for interior treatment is combined 
with soda-ash, caustic soda and some substance to prevent too early precipita- 
tion in the pipes and in the boiler injector. 

As said above, the field for interior treatment is broadening with the rapid 
movements in methods and appliances. Quite extensive tests are new under 
way to determine the kinds of waters to which each of the above chemicals 
is most suitable, and the relative costs with each. If the subject is continued 
until next year we hope to be able to present more definite figures than our 
present knowledge would justify. 
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Appendix C 

(4) SIMPLIFICATION AND STANDARDIZATION OF 

EQUIPMENT AND MATERIALS USED IN RAILWAY 

WATER SERVICE 

J. P. Hanley, Chairman, Sub-Committee; Armstrong Chinn, C. H. Fox, 

E. G. Hewson, H. F. King, W. B. McCaleb, H. E. Silcox, D. A. Steel, R. 

A. Tanner, W. O. Towson, J. C. Wallace, A. E. Willahan, F. D. Yeaton. 

Industrial standardization has advanced rapidly in this country since the 
Bureau of Simplified Practice was established by the Department of Com- 
merce. Since that time the American Standards Association has been created 
and is now functioning to co-ordinate the standards of industrial associations 
as well as government agencies. 

The efforts of American railwa 3 ’s toward standardization started prior to 
the formation of the Bureau of Simplified Practice, the American Railway 
Engineering Association being formed in 1899 at which time it created fourteen 
standing committees. The Committee on Water Service was one of these 
original Committees. 

In the thirty years since its formation this Committee has done much to 
sta nd ardize water service materials and practice. The first Manual of the 
Association published in 1905 contains two and one-half pages of printed 
matter on Water Service problems, while the last Manual published in 1929 
contains 85 pages of recommended practice on water service construction, 
maintenance and organization. 

Many of the reports made by this Committee are suitable for standard 
practice and may be briefly summarized as follows: 

Definition of water works terms. 

General principles of water supply. 

Pumping plants — steam, oil, electric. 

Pumps — ^power, deep well. 

Relative economy of steam, oil and electric pumping plants and 
purchased water. 

Pil>e lines — ^intake, suction, discharge, gravity. 

Pipe for small service lines, including brass, copper, wrought iron, 
steel and cast iron. 

Pump houses. 

Impounding reservoirs. 

QuaHty of water and methods of treatment. 

Minimum quantity of solids which will justify treatment. 

Standard method of water analysis. 

Water softeners — design, maintenance and supervision. 

Trea^ wood for water tanks. 

Heating water station buildings. 

Frost protection for water fadlities. 

Water meters. * 

Water department organization. 

Specffications for cast-iron pipe and special castings. 

Specifications for hydrants and valves. 

Specffications for soda-ash. 

Specffications for hydrated lime. 

Spec^cations for quickl^e. 

Spe<^cations for sulphate of al umin a 

Spec^cations for sulphate of iron. 

Specifications for wooden water tanks. 



Water Service and Sanitation 


407 


Specifications for tank hoops. 

Specifications for steel sub-structures for water tanks. 

Specifications for timber sub-structures for water tanks. 

Specifications for steel, water and oil tanks. 

A majority of railways now^ follow the material classification of Division 
VI — ^Purchases and Stores — ^American Railway Association, which covers the 
classification of water service as well as all other forms of railway materials. 
This cla s s i fication was originally formulated by the Railway Storekeepers 
Association in 1910, and was accepted with some alterations as standard prac- 
tice by the Purchases and Stores Division in 1922. 

The classification of the Purchases and Stores Dhision for the principal 
materials used in water sendee work is as follows: 

Class 3 A — Cast iron pipe and fittings to 12" in size. 

Class 3B — Cast iron pipe and fittings over 12" in size. 

Class 9 A — Fuel and wrater station material. 

Class 42 — ^Wrou^t iron and steel pipe, valves and fittings. 

Class 47 — Chemicals. 

A questionnaire was sent to members of the Water Ser\nce Committee to 
ascertain to what extent standardization existed on their railw’ays in so far 
as some of the principal items of water service materials w’ere involved. 
Twenty-six replies were received w^hich indicated the following conditions: 

Cast-Iron Pipe and Fittings 

Practically all replies favored the use of cast-iron pipe and special cast- 
ings made in accordance with American Water Works Association and 
American Railway Engineering Association specifications. A few replies in- 
dicated the use of prepared joint cast-iron pipe for service lines 3 inches and 
imder in size. This class of pipe is now manufactured in 154 2 inch 

sizes. 

Wrought-Iron and Wrought-Steel Pipe and Fittings, Black and 
Galvanized 

The replies indicated no marked preference for either of the above classes 
of material, the same roads in nearly all instances stating that all types were 
used. A few replies, however, indicated the general use of galvanized wrought- 
iron pipe as preferable for conveying drinking water supplies other than lime, 
soda-ash treated waters, this grade of pipe being less susceptible to rust in- 
crustations than black pipe and resisting corrosion better than steel pipe. 

Water Columns 

Approximately 80 per cent of the replies indicated a preference for one 
or two makes of water column with one or two sizes of each. The balance 
indicated the use of several makes and sizes. Water column pits are also 
fairly well standardized, many roads having a standard plan for same wdth 
variations in depth to suit climatic conditions. 

Oil Fngines 

Approximately 90 per cent of the replies indicated a preference for one 
make and one type of oil engine for pumping stations. A majority of the 
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roads also favored the use of the IS H.P. and 25 HP. sizes for oil engines 
unless the load conditions were excessive. In other words they did not 
favor the use of several horsepower sizes in order to bring the engine rating 
down to a point near the exact load requirements. A moderate excess of oil 
engine horsepo'wer is desirable and the fewer sizes give the advantage of 
interchangeability in making repairs and replacements. 

Pumps 

A majority of the replies indicated a preference for centrifugal pumps 
rather than displacement pumps where service conditions were suitable. There 
are many displacement pumps still in use at railway water stations but the 
tendency is decidedly in favor of centrifugal pumps for new installations or 
where replacements of existing displacement pumps are necessar>\ 

Steam, Oil and Electric Pumping Equipment 

A majority of the replies indicated that electric equipment for pumping 
stations is generally preferred where the current is reliable and the cost 
reasonable. The steam boiler and pump stiU continues to be widely used for 
pumping but this is largely because this t>’pe of equipment endures from a 
previous construction period. When it is retired, it is generally replaced with 
oil or electric pumping units. 

Where electric power is not available or is too expensive to consider, the 
oil engine makes a satisfactory alternate. A few replies indicated that 
some roads are attempting to standardize on electric motors both as regards 
size and make, and nearly all roads have standards for steam pump boilers. 

Pump Houses 

Approximately 60 per cent of the replies indicated that no standard exists 
for pump houses; 40 per cent of the replies indicated a standard plan for 
new construction with considerable variation as to size of the building and 
materials used; only a few replies indicated a well-defined standard plan for 
general use. 

Tanks 

Approximately 90 per cent of the replies indicated well defined standards 
for wooden water tanks with an average of 3 to 5 different capacities per 
road. The use of steel tanks is not as pronoimced as wood nor are there 
such well-defined standards as for the latter, the manufactuifers’ types being 
usually accepted with capacities to meet the requirements for each particular 
location. 

Chemicals for Water Treatment 

An replies indicated the purchase of chemicals on specifications, ap- 
proximatety 50 per cent of the railways buying on American Railway En- 
gineering Association specifications and the balance on their own spedfiications. 

Treating Plants 

The majority of the replies indicated that bids were asked on treating 
plants without inristence on any fecial t 3 qje of construction. This method 



Water Service and Sanitation 


409 


provides desirable competition in construction cost and design of chemical 
proportioning apparatus. A considerable minority of railways have standard 
designs for treating plant buildings and tanks but leave the question of the 
chemical apparatus itself open to a bidding list of responsible manufacturers. 

After giving consideration to existing practice on railways as indicated 
in the replies received to the questionnaire, and after considering reports 
suitable for simplified practice printed in the American Railway Engineering 
Association Manual, it is believed that the following major items of ^^ater 
service equipment and materials could be standardized to good advantage for 
general conditions: 

Cast-iron pipe Water column and pits 

Wrought-iron pipe Oil engines 

Wrought-steel pipe Pumps 

Chemicals for water treatment Wooden water tanks 

Pump houses Steel water tanks 

Fire hydrant threads Treating plants 

Boilers Packing 

Standardization is continuous and other items of material, equipment, 
and even policy and organization may be added to the above list. It is 
difi&cult, however, to specify one manufacturer’s equipment or certain sizes or 
types of tanks, treating plants and pumping machinery that would be fully 
satisfactory to all roads, owing to price, competition, climatic conditions and 
individual construction practice. The report is, therefore, somewhat general 
in character and indicates w^hat has been accomplished in the past as w’ell as 
present conditions. 


Conclusions and Recommendations 

(1) A large amount of data and infonhation is available in the A.R.EA. 
Manual and Proceedings dealing -with water service conditions which would 
assist individual railways in standardizing their w’ater service requirements. 

(2) Standardization of water service materials and practice has not 
generally advanced to a sufficient extent. In fact, standardization of this 
kind except in the most ^obvious items does not appear to have been generally 
considered. It does not compare favorably with the result obtained in rail, 
ties, ballast and other lines of railway practice. 

(3) The standardization of water service materials and practice is 
desirable. Where done it was found possible to reduce the amount of emer- 
gency repair parts held in stock considerably and to develop a personnel 
skilled in the design and maintenance of an important branch of railway 
work. It is recommended that railways interested give the matter serious 
consideration with the object of standardizing the equipment, materials and 
practice best suited for their requirements and suggest that the plans, sizes 
and tyi>es of design and equipment in use be checked with a view of eliminat- 
ing those found obsolete or unnecessary. 


A 



410 


Water Service and San itation 


Appendix D 

(5) AUTOMATIC AND REMOTE CONTROL OF PUMPING 

EQUIPMENT 

J. A. Russell, Chairman, Sub-Committee ; R. W. Chorley, R. E. Coughlan, 

E. M. Grime, J. R. Hickox, R. L. Holmes, H. F. King, C. R. Knowles, 

Paul M. LaBaci, J. C. Wallace, J. B. Wesley, F. D. Yeaton. 

The application of automatic and remote control to railway water supply 
facilities has become quite general. Actual operating experience over an ex- 
tended period, on a large number of railroads, has demonstrated that such 
equipment is thoroughly reliable, provided same is selected, installed, and 
maintained in accordance with good practice. Such facilities are compara- 
tively cheap in first cost and maintenance, hence, where provided, large a nn ual 
savings have been realized, without any impairment to service. Where exist- 
ing stations are revamped for such service or where new facilities are pro- 
vided, accepted practice for automatic service is such that the facilities wOl 
require the attention of a reliable employee, for a short period, not more than 
once each day. 

The object of this report is to summarize the tendency of present day 
practice in railway water service as regards such control. Automatic control 
and remote control usually are one and the same thing. Automatic control 
practically always involves remote control to a varying degree. Remote con- 
trol sometimes does not include full automatic features, as for instance, when 
a station agent starts or stops a pump located some distance from station 
by pressing a button. Some installations are normally operated automatically 
for routine railway water supply purposes and at particular periods these 
same units are operated through strictly remote control for developing water 
supply for fire purposes. The general features are identical, however, so 
that in this report no effort will be made to separate the various classes of 
service. 

No effort has been made to give detailed technical descriptions of the 
various controls, but rather a simple statement as to the various devices and 
the results obtained will be offered for information ^d reference. Similarly 
no attempt has been made to discuss details of installation or economies result- 
ing from the application of such devices to existing or proposed facilities. 

Automatic or remote control consists of a device designed, installed, and 
operated so as to perform a simple definite task. By arranging to do such a 
task automatically operators can be released for other duties and decided 
economies can thus be realized. The task which any such device is designed 
to do cannot generally be changed, even slightly. Being automatic it 
possesses the virtue of doing its particular task satisfactorily at any and all 
times, provided it is maintained in proper operating condition. 

The fundamental consideration in design therefore is simplicity in laying 
out of automatic features. Complicated arrangements add to initial cost and 
invariably increase cost of operation and maintenance. The idea of simplicity 
should follow through to the device itself as regards construction and opera- 
tion. Sudi equipment is generally installed at isolated locations where it is 
sddom seen by anyone save the maintainer. It is obvioudy good practice, 
therefore, to select rugged type devices, stripped* of unnecessary gages, links. 
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coils, dials, etc. Operating conditions on all railroads make it hi ghl y de- 
sirable to standardize on types of control and methods of installation. Main - 
tainers and supervisors are changing frequently and it is, therefore, desirable 
to have facilities standardized in order that they may be familiar to all em- 
ployees. 

Provided all other conditions are satisfactorily tahen care of, there is ap- 
parently no limit as regards capacity of stations subject to remote control or 
automatic operation. An installation which has just been completed in the 
east, involves 100 H.P. motors operating on 2300 volt service; the pumping 
station being on a large river three miles from the railroad yard. The 
pumps have a capacity of 850 GP Jd. and operate at a head of 250 feet. 

Operating economy practically demands storage between pumps and 
point of use. Usually the larger the storage the more uniform the results. 
Good operating* results are obtained when the installed capacity of each pump 
is such that the unit operates collectively about 10 hours per day. The stor- 
age and arrangement of controls should be such that the number of starts 
and stops per day are not excessive. The policy on each particular road 
wiU dictate as to whether duplicate units wiU be installed complete with con- 
trols. The tendency m this respect seems to be towards single units except at 
very important terminals. This policy is perhaps warranted if all equipment 
including pump and motor is standardized. Modem practice has eliminated 
generally aU automatic altitude valves between pumps and storage, depend- 
ing on prime mover control alone to prevent overflow. In some installations, 
however, involving several storage units, at varying elevation, decided economy 
results from the use of altitude valves at each point of storage. 

It is general practice to use standard power units and pumps and to ar- 
range the wiring and piping to and from the imit, in accordance with the 
accepted good practice for manually operated plants. With automatic in- 
stallations it is advisable, however, to place a small by-pass aroimd the check 
valve located on the discharge side of the pump. This by-pass is installed as 
an extra precaution and will normally keep the suction flooded to the foot 
valve in case the latter is fouled open by small stones or sticks. It is also 
accepted practice to install manual cut-out switches, transformers, gages, etc., 
under the same standard set up for manually operated stations. 

For electric prime movers, automatic and remote control is accom- 
plished by automatic compensator starters operated through automatic con- 
trols. These may be obtained for D.C. and A.C. service. For applying to 
A.C. service they can be obtained for any type motor. Under the schedules 
filed by most power companies, motors of 10 HJ*. and under may be in- 
stalled without the compensator. Such small motors are controlled by across- 
the-Hne starters. This reduces materially the initial cost. 

There are many automatic compensators on the market varying in prin- 
ciple construction, and cost. One very sturdy and satisfactory type operates 
on the principle of current limit acceleration being an oil immersed, com- 
pletely wired, self-contained unit. It consists of a quick-break, double-throw 
switch, operated by a sin^e magnet, throw-off spring and a latch tripped by 
a current limit relay. This compensator is wired between the motor terminals 
and the station cut-out switch. 

There are also many controls on the market for use with the automatic 
compensators. They always consist of a water connection to pump, pipe 
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line or reservoir through which water pressure is applied to the device. This 
water pressure is, by various means, translated into motion between electrical 
contacts. The contacts are wired to the automatic starting compensator. The 
contacts and wirings are arranged to start the motor at low pressure and stop 
at high pressure or vice-versa. One very rugged satisfactory and economical 
type consists of a small glass tube in which are sealed the ends of the leads to 
the compensator. A quantity of mercury in the tube m a k es or breaks the 
circuit when the tube is tilted by changes in the water pressure. The con- 
struction is such that the desired contacts, following changes in the water pres- 
sure, are clean and instantaneous in operation. In another type, changing 
altitudes, in the vrater level, act on a helical tube spring with a pointer on the 
end. This pointer moves between high and low contacts. Devices of this 
construction can probably be controlled to closer limits. 

Some railroads report the use of float switches for the control of the 
compensators. These can be obtained for direct and alternating current serv- 
ice. The float switches are complete with float and counter weight and are 
arranged for closing the circuit at the lower liquid level and opening it as 
the top level is reached. This action can be easily altered as noted below for 
sump pump operation by interchanging the float and counter weight. Float 
switches are not recommended for installations where the water, whose level 
is to be controlled, is subject to freezing. 

Owing to the small current flow in the circuit between control and com- 
pensator it is necessary to install relays in same, if the length of the circuit is 
material. 

There is a definite ratio between the operating limits of the control (high 
and low) and the pumping head. Such controls will not operate satisfactorily . 
without some protective devices if the starting and stopping surge in the pipe 
line is material. Under normal conditions, therefore, a small surge tank is 
usually placed in the connection between control and pipe line. This surge 
tank consists of a small air-tight tank, the control being connected into side of 
same, and the connection to pii>e line being into bottom. The connections 
themselves are complete with valves which are pinched to the m inim um open- 
ing. Changes in water pressure through the surge tank, therefore, take place 
very slowly. Where the discharge pipe line to reservoir is very long, it is 
necessary for good service to place the control at the point of storage and 
construct a wire circuit, with necessary relays, to the automatic starting com- 
pensator. 

The across-the-hne-starters are self-contained units and are similar in 
construction to the compenstors but obviously much more simple as in their 
operation the prime mover is thrown directly across the power line. In most 
i ns t alla tions of compensators or across-the-Iine-starters, they must be com- 
plete with float switch or other control. With very small motors, such as 
would be found on sump pumps, the unit can be started and stopped direct 
with the float switch. 

It is of the utmost importance to select compensators, controls and cross- 
the-line-starters, completed with over-load, low voltage, and lost phase pro- 
tection features. 

With centrifugal pumps it is absolutdiy necessary to obtain the best 
of conditions on the suction side. This includes reliable foot valves, well 
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screened; properly constructed suction line, and such refiinements as eccentric 
reducers at the pump connection. 

For important stations with high suction lift, it is sometimes necessarj* 
to install automatic primers. Two general types are available. A reliable, 
but elaborate and expensive tyi>e consists of a vacuum pump and float switch. 
These devices are located adjacent to the pump. The float is housed in a 
chamber connected to top of pump case and set about one foot above same. 
The control in this case starts and stops the motor on the vacuum pump and 
the float switch energizes the starting compensator for operating the mam 
pump unit. In starting the main pump unit the sequence of events is about 
as follows: The vacuum pump creates a vacuum in the suction line and the 
pump case and up into chamber housing float. When water is admitted to 
the chamber the float rises by buoyancy and closes the circuit to the starting 
compensator through float switch- In a simpler and less expensive type auto- 
matic primer a cylindrical tank is used. This is divided transv’ersely and is 
located in the suction line of the pump. The set up, valve arrangement, etc., 
are such that there is alw’^ays sufficient water in the device to fully prime 
pump case and suction pipe upon starting. Such de\’ices will operate without 
foot valve on the suction but this valve is in most cases installed as an extra 
precaution. 

It is important to house all this equipment in a suitable building well 
lighted, drained, and ventilated. Where the building includes super-structure 
the same is sometimes heated electrically, using recognized automatic type 
space heater. A majority of the automatic stations are small and hence the 
cost of electric energy is relatively high so that automatic electrical heating 
becomes expensive. In some cases it wdll be found practical to heat such 
stations by steam. One railroad reports successfully heating of such stations 
by- means of oil burners operated by a small furnace. The heating question 
should, therefore, be taken into consideration in designing building in order to 
obtain as nearly as possible frost-proof protection without sacrificing proper 
ventilation. 

On some railroads the practice is to place all pumping equipment in pits, 
usually of the cut and cover type. By this arrangement no artificial heating 
equipment or expense is necessary but difficulty is often encountered in the 
draining of the pits. This is usually met by installmg self-contained auto- 
matic operated sump pumps. The sump pumps are in general satisfactory as 
they are constructed and operated on the same principle as the m ain pumping 
units. One road reports successfully pumping such pits drainage by the main 
pumping unit. This is accomplished by concentrating the drainage in a pit 
and connecting the pit to the main pumping unit suction by a small pipe com- 
plete with float valve on the pit end. 

One great obstacle to a more complete modernization of railroad pumping 
stations for automatic or remote control is lack of reliable electric service. 
The power companies will sometimes finance necessary extensions of their 
facilities if the anticipated annual power bill will give satisfactory returns. 
Where the return is not sufficient it can be arranged in some cases for the 
power company to construct an extension at the expense of the railroad un- 
der an agreement. Such an agreement usually specifies a refund on power 
bills for a definite period, say five years, in this way the railroad secures some 
advantage. This lack of electric service, however, has proved a drawbadc. 




414 


Water Service and Sanitation 


A large railroad in the east has met this problem by installing, as a test 
in an isolated location, an automatic gasoline engine driven centrifugal 
pump. The unit has been in service only a few months and was developed 
through engine and pump companies interested and if successful will be quite 
popular, it is believed. It ran in no sense be considered as a competitor to 
the motor driven set. A stock four cylinder stationary t3^e engine is used. 
A stock centrifugal pump is used having a capacity of ISO G.P.M. at SS feet 
total head. The suction lift is approximately 8 feet. The engine and pump 
are direct connected through flexible coupling and operated at 1500 R.P.M. 
Mounted outboard of the pump and connected direct thereto through flexible 
coupling is a specially wound motor of proper characteristics so that the 
motor will crank engine at not less than one-third normal speed. At full 
speed the motor is converted into generator for recharging starting batter>\ 
A complete and suitable starting panel is included. The performance of this 
unit is being watched with considerable interest. 

There are many steam pumps being operated on practically an automatic 
basis. One railroad has been operating for years a 5-0 M.G.D. unit at 175 
feet head on a pipe line eight miles long and with less than 200,000 gallons 
storage. The control in this service consists of a very simple and reliable 
steam governor connected to pipe line and to main steam valve. A fall in 
pressure in the pipe line, denoting demand, causes governor to open main 
steam valve and speed up pump, a high pressure on the pipe line results in 
closing of main steam valve. Such arrangements are very satisfactory for 
general purposes or for fire booster systems around large terminals. When so 
installed a slight and constant use is arranged either by deliberate waste or by 
passing water through cooling jackets of various machines. The idea is to 
idle the main pump, when legitimate use does not exist. 

In some cases we have what amounts to semi-automatic service where 
gas, oil, or fuel oil engines are used. All such units must be started manually. 
They can be stopi)ed automatically by interrupting fuel supply or iuterruptlDg 
spark, by floats, controls, push button circuits etc. 

Experience has indicated the wisdom of having such automatic pump- 
ing stations visited at least once each day by some local employee for in- 
spection of equipment, oiling same, and taking care of heating and drainage 
facilities. At stated intervals, probably each month, skilled mechanics should 
inspect carefully the pumps, motors, controls, contacts, etc. The expense of 
instaning and maintaining a recording gage with daily chart, in most cases, 
is warranted- Such a chart when forwarded to the proper officer will be a 
positive check on the daily visit of the maintainer and will indicate clearly 
the number of starts of the equipment and the total number of hours oper- 
ated. Decided variation in these records as caused by any mal-adjustment will 
then be taken care of promptly. 
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(8) PROTECTION OF WATER SUPPLY PIPE LINE SYS- 
TEMS FROM ELECTROLYSIS, WITH PARTICULAR 

REFERENCE TO INSULATION, PIPE BONDING, ELEC- 
TRICAL DRAINAGE AND RETURN SYSTEMS 

J, J. Laudig, Chairman, Sub -Committee; W. M. Barr, J. H. Gibbon^, J. P. 

Hanley, H. F. King. C. H. Koyl, P. M. LaBach, W. B. McCaleb, W. B. 

Nissly, A. B. Pierce, O. T. Rees, Dennistoun Wood. 

Scope 

The purpose of this report is to state briefly the important points which 
should be considered by railroad companies in safe-guarding their important 
water supply systems from electrolytic corrosion. A description of the general 
conditions which may lead to electrolysis and which, when recognized by the 
railroad, should direct attention to the possibilities of electrolsdic corrosion of 
the water systems, will be given. Then, brief suggestions for inspecting the 
water pipes for electrolysis and some simple tests will be presented. Remedial 
measures in case electrolysis is found will be treated only in a general way. 

The t5^es of water supply systems considered in this report are the ex- 
tensive water mains and laterals suppl3dng engine terminals, roundhouses, fire 
mains, railroad powerhouses, etc. Small water pipe systems, unless very im- 
portant, are not considered. 

Pipe corrosion due to soil conditions are not covered, but only the 
corrosion from stray electric currents. 

General Conditions Which Should Prompt Railroads to Watch 

Their Pipes for Electrolytic Corrosion. 

If any part of a water pipe system is located very close to electric street 
car lines or electric railroads of any kind which use direct-current power, the 
pipes should be watched closely for electrolysis. Water mains crossing under 
electric railroads at right angles are not so liable to electrolytic corrosion as 
water systems paralleling the electrified tracks for considerable distances. Also, 
if water pipe systems are in the neighborhood of large electric cranes using 
direct-current power, or if they are near a large electric power plant which 
supplies power through direct-current transmission lines, one side of which is 
grounded, these pipes should also be watched, although electric railroads are 
a more potent source of stray currents. Even though an electric railroad may 
not be very near the center of a large piping system, an outhdng branch pipe 
of the system may pass nearby or under an electric railroad and thereby 
furnish a path for stray electric currents to enter the syst em . EIectrol3?tic 
corrosion is caused by electric current leaving the water pipes to enter the 
earth, the corrosion being rou^y proportional to the amount of leakage cur- 
rent leaving these structures. 

Inspection and Testing 

If it has been decided, in view of the above conditions, to inspect a water 
pipe S 37 stem for electrolytic corrosion, the pipes should be examined at the 
locations at which the corrosion is most Kkdy to occur. These locations are 
at points dose to other underground structures to which the current may be 
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leaking from the pipe system. For instance, if a part of a railroad’s water 
supply system lies near a large water main belonging to a municipahty, a por- 
tion of the railroad’s pipes near this water main should be inspected. Pipes 
passing through cinders or filled ground (which may contain cinders or other 
conducting material) should be e'^amined because this kind of soil is usually a 
better conductor of electric currents than some other soils. Pipes in swampy 
ground, salt marshy, or other exceptionally wet soil should be inspected for 
the same reason. 

In order to examine pipes for corrosion, the earth should be removed 
from around the pipes for a sufficient distance, uncovering at least one or two 
entire pipe lengths. The surface of the pipe throughout the circumference 
should be washed thoroughly and examined for corrosion, which in the case 
of electrolysis usually takes the form of small pits spaced at irregular in- 
tervals but roughly grouped together on one side of the pipe or near a joint. 
If the pipe joints are leaded, the lead in the joints uncovered should be ex- 
amined carefully, since lead corrodes nearly four times as fast as iron for the 
same amount of electric current leaving the surface. The corrosion of the 
lead in the joints may cause leaks in the pipe line. Electrolytic corrosion can 
usually be distinguished from corrosion due to soil conditions by the con- 
centration of the corrosion on one side of the pipe or at joints. 

Inspections of this kind should probably be made at intervals of not 
more than a year. Different pipe lengths can be examined at different in- 
spections in order that the periodic examinations may cover a wider area. 

If electrolytic corrosion is suspected, some simple tests should be made 
to verify it. It may be desirable to make the tests at the same time as the 
inspections, or at more frequent intervals than the inspections. The tests 
may give indications of the best locations for inspection. If a street railway 
or electrified railroad is involved, it may be well to notify the Electrical En- 
gineer of the electric railway that electrolysis is suspected and he will prob- 
ably co-operate in the tests or make independent tests. In general, the Elec- 
tric^ Engineer of the railroad company would be better equipped to conduct 
the electrolysis tests than the Water Department of the railroad. 

Some simple tests which may be made require only a direct-current in- 
dicating voltmeter specially designed for electrolysis testing. A high-resistance 
instrument is required. An additional voltmeter of the recording type would 
be valuable in order to make 24-hour readings. The voltages between the 
pipes and adjacent structures, such as other pipe systems, should be measured 
with these instruments. If the indicating voltmeter is used, these tests should 
be made during the morning and evening rush hours of the electric milroad 
involved, or during the operation of the power plant or electric crane, if 
either of these is the source of the stray current. In making contact with the 
pipe or adjacent structures the contact electrodes attached to the voltmeter 
leads should be of the same material as the pipe or structures that they are 
to m a k e contact with in order to minimize voltage indication from galvanic 
action. Voltages should also be measured between pipes and iron ground rods 
(iron rods if pipes are iron) spaced at 100 feet or more from the pipes. These 
m e as urements should be made with the ground rod first on one side of the 
pipe and then on the other. A voltage indication showing that the pipe is 
positive to earth or an adjacent structure indicates that current may be leav- 
ing pipe for the earth and causing corrosion, provided the voltage indicated 
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is suf&ciently high. A voltage of 0.1 volt or less should not be taken as a 
definite indication, but if an average voltage greater than 0.1 volt is indi- 
cated, electrolytic corrosion should be watched for. If a 24-hour voltage chart 
is made with a recording voltmeter, the algebraic average voltage should be 
taken as the indicating voltage. If the voltage rapidly fluctuates from plus 
to minus, electrolysis may not be indicated, even though fairly high momen- 
tary voltages may be recorded. A report of the American Committee on 
Electrolysis makes the following statement in r^ard to reversing polarity; 

“Where the polarity of the pipes reverses with a period of only 
a few minutes, it has been shown by extensive experiments that the 
corrosive process is in large measure reversible, and the actual amoimt 
of corrosion comes more nearty being proportional to the algebraic 
average of the applied potential than it is to the arithmetical aver- 
age during the total time the pipe is positive. In all cases, therefore, 
where the polarity of the pipe is continuously reversing and the period 
of reversal does not exceed fi.ve or ten minutes, the algebraic aver- 
age of the voltages or currents should be given far greater weight 
than the arithmetical average values during the positive period.” 

If it is found by inspection that corrosion of pipes is so extensive that 
some of the pipes must be replaced, a sample of the corroded pipe surface 
and surrounding soil may be sent to the Chief Chemist of the railroad, who 
should analyze this material. The composition of the soil and the material 
on the corroded pipe surface will give an indication as to whether corrosion 
is electrolytic or due to soil conditions. 

Pipe corrosion can be caused by stray currents flowing through the earth 
laterally with respect to the pipe, in which case the corrosion will be fairly 
uniformly distributed on the side of the pipe in the direction of current 
flow. If corrosion is found to be concentrated in one or two small areas of 
pipe surface, current may be flowing in the pipe itself and leaving at the 
point of corrosion- If this condition is suspected, verifying tests can be made 
by measuring the voltage drop in a considerable length of the pipe on each 
side of the corrosion. If the voltmeter indicates current flow in the pip>e 
from two directions toward the corrosion, electrolysis is indicated, or if the 
voltage drop per foot length of pipe is much greater on one side of the corro- 
sion than the other, in a ratio showing that current is leaving the pipe, elec- 
trolysis is indicated. 

A study of the voltage fluctuations observed during electrolysis tests 
may serve to identify the source of the stray electric currents. Electric rail- 
roads cause typical fluctuations easily identified, with starting of cars or 
trains. Simultaneous observations, during electrolysis tests, of electric train 
movements, in the neighborhood, operation of electric cranes, or other sus- 
pected sources of stray currents, would probably reveal the origin of the 
current. 

Since the intensity of discharge of current from any portion of a pipe 
line is the factor most directly related to the rate of corrosion, the determina- 
tion of the direction and density of the current in the earth surrounding the 
water pipes is a most important test for establishing that the pipes are in 
danger from electrolysis. The national Bureau of Standards at Washington, 
D.C., has developed an instrument called the “Earth Current Meter,” which 
can be used to measure the density of the currmit in the earth surrounding 
the pipe. The direction of the current, of course, can be determined by the 
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voltmeter, which is part of the instrument. The test with an earth current 
meter generally requires excavation of a trench at the point of test, but these 
excavations are desirable for another reason, that is, inspection of the pipes. 
The current density surrounding a water pipe can be measured by the earth 
current meter by taking readings in the earth on all sides of the pipe. Such 
a series of measurements would establish whether the earth current is flowing 
outward from the pipe or whether it is a lateral flow passing the pipe, and 
also whether the current density is greater on one side than another, a condi- 
tion which w'ould concentrate the electrolysis on one side of the pipe. A 
description of the earth current meter and a discussion of its uses may be 
found in the Bureau of Standards Technologic Papers 35 S and 351, obtainable 
from the Superintendent of Documents, Government Printing Office, Wash- 
ington, D.C. Briefly, the earth current meter is based upon the principle that 
the densitj* of current flowing between two points in a homogeneous soil can 
be calculated from the earth resistivity and the voltage gradient between 
the points. 

Remedial Measures 

If it is evident that electrolytic corrosion is due to a street railway or 
electrified railroad, it may be possible to arrange for the installation of a 
copper cable connecting the pipe system with the negative bus of an electric 
railway substation, if one is nearby. This cable will “drain” the stray cur- 
rent from the pipe system, and, if properly designed, will lovrer the voltage 
of the pipes below that of the earth, thus preventing current leakage into the 
earth and therefore preventing electrolysis. If the substation is not near, a 
drainage connection may be made to the electric railway running rails (or 
impedance bonds connected to rails), if tests prove it to be advantageous. If 
such drainage cables are instal l ed, a careful check should be made at regular 
intervals as to the amount and direction of the current in these cables. In 
some cases, it may be found that at times the current in the drainage connec- 
tion win reverse, that is, flow from the electric railway substation bus or rails 
into the wrater japes. Such a condition would occur at periods of no load or 
light load on the substation. This current flowing in the opposite direction 
from that desired would be a cause of electrolytic corrosion on the pipe sys- 
tem, if it left the pipes to the earth in any place. In order to prevent this 
reverse cuiient, it may be desuable , to insert an automatic reverse-current 
relay and switch in the drainage connection, which wfll open the circuit 
whenever there is a tendency for the current to reverse. If a part of the 
water-pipuig sysUxm near the drainage connection happens to be partly in a 
dry sofl territory or laid on top of the ground so that its electrical resistance 
to earth is comparatively high, it may be well to install a fuse in the drain- 
age coimection in order to prevent high voltage or high currents from entering 
the piping system in case of short circuits on the electric railway. The size of 
this fuse should be determined by making it sKgfatly larger than sufficient to 
carry the drainage current under normal conditions. 

No such drains tiiould be permitted until the Water Service Department 
has approved them, based on report by the Electrical Engineer, reciting erist- 
ic coitions, hazards, etc., and accompanied by a plan showing the com- 
pile drainage system as recommended by the Electrical Engineer. The in- 
stallation dwuM indude ample facilities for making frequent and complete 
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tests. Should such tests, made subsequent to the installation of the drain, 
indicate improper op>eration or increase of current flowing, it will usually be 
found necessary to discontinue the drain or modify it. 

The insulation of pipe surfaces by means of covering the pip« with 
asphalt or other insulating material is not always satisfactory, since only ex- 
treme care in applying the pipe covering can prevent pin holes in the cover- 
ing. Holes in an insulating covering concentrate the leakage current and vrUl 
accelerate elect rol^^tic corrosion in the neighborhood of these holes. 

Insulating joints in pipes will prevent current flow along the pipes, but 
will not prevent corrosion due to lateral flow of stray currents. Insulating 
joints at only a few carefully selected locations in the pipe line may reduce 
current flow but will not prevent it entirely, and corrosion may be found con- 
centrated at points closest to the insulating joints. 

Electrolytic corrosion may be reduced by buiying old cast-iron pipes 
parallel with the attached pipe and bonding these so-called “deadmen” with 
copper cables to the pipe lines, taking the corrosion on these old cast-iron 
pipes or “deadmen.” The “deadmen” should be placed on the side of the 
good pipe in the direction of the current flow from the pipe at place where 
electrolysis is suspected. 
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(10) CHEMICAL CONTROL AND GENERAL SUPERVISION 
OP WATER TREATING PLANTS 

R. M. Stimmel, Chairman. Sub-Committee ; R. E. Cou^lan, L. E. Elliott, 
E. M. Grime, J. R. Hickox, H. L. McMuUin, E. M. Miller, S. B. Mitchell, 

0. T. Rees, J. A. Russell. 

The results to be expected from a general water improvement program 
are determined to a considerable extent by the chemical control and general 
supervision of the water softening plants. With the already large and the 
rapidly increasing investment in these facilities, together with the influence of 
results on movement of train and condition of boilers, the importance of ac- 
curate and constant control and supervision is being more and more ap- 
preciated. 

In order to determine the present practice a questionnaire was sent out 
and information on present practice was obtained from 24 railroads. Tabula- 
tion of the answers follow: 

1. Do you have centrally located water laboratories with water samples 
furnished periodically? 

Central laboratories are maintained with periodic water sampfcs fur- 
nished for the control of water treating plants by IS railroads. 

Periodic samples for complete and special test are furnished on 2 roads. 
Samples not furnished a central laboratory periodically on 7 roads. 

2. How often are samples furnished the laboratory? 

The period for the furnishing of samples varies from semi-weekly ^ 
tri-monthly. In special cases, such as at important terminals oT aft 
points where water quality fluctuates rapidly, daily or even shift «aB- 
aminations are made. In most cases where laboratory control of t)n0atr 
ment is an important factor, samples are furnish^ 5emi-week|f lUsr 
weekly. Tabulation of answers follows; 
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Period \umhrr of RaHroad:- 

Seini-weekl\' 

Weekly 

Bi-weekly 

Monthly 

Tri-monthly 

Irregular, special, or none 

Has testing and change of formula by treating plant operators proved 
successful? 

This was reported as successful by 6 roads, as unsuccessful by 8, and 
as favored in special cases only, or as never having been tried by the 
other 10 roads reporting. 

4. What methods are used for testing and how are records and reports 
made? Please furnish copy of special forms used. 

The methods for testing given in the Manual of The American Rail- 
way Engineering Association, are used in most cases. A few water 
service engineers and chemists report that tests are made and results 
expressed on the basis of parts per lOO.COO instead of in grains per 
U-S. gallon. The routine pericdic tests include raw and treated water 
tests for hardness, alkalinity, and causticity. Sodium chloride and dis- 
solved solids tests are made, on some railroads periodically, on the raw, 
treated, and boiler water samples. These last tests are for check and 
control of boiler water concentrations. Test for free COj is made 
periodically in special cases on some roads. 

Though there was a considerable difference in the forms furnished, yet 
the forms covered, insofar as information supplied was concerned, sub- 
stantially the same subjects. Reports and records included — 1st, forms 
furnish^ inspectors and chemists by the plant operator showing water 
pumped and treated, chemicals used and on hand, etc.; 2nd, forms used 
by chemist and inspectors in maintaining records of plant inspections 
and periodic tests; and 3rd, forms used by the chemist and w’^ater serv- 
ice engineers for reporting results of treatment, cost of treatment, 
savings effected, etc. 

5. How’ many insp>ectors do you have and state average number of plants 
per inspector? 

The number of plants per inspector varies from three to fortj’-five. 
This apparently great difference is due mainly, as indicated by the 
ans-wers given, to three things: 1st, accessibility of plants; 2nd, the 
large number of so called -wayside plants handled per inspector, and 
3rd, to the greater number of inspectors necessary where control is ob- 
tained through inspections without periodic samples sent to a central 
laboratory. 

6- List conditions requiring special attention. 

The^ include the analysis of chemicals used for water softening, in- 
vestigation of new supplies, clarification of water where difficulty is 
encountered in removal of suspended matter, check of internal boiler 
treatment, check of foaming complaints and the use of anti-foaming 
compound, regulation and check of bofler blow down, and the in- 
vestigation of boiler complaints attributed to water conditions. 

The answers to the questionnaire indicate that from the standpoint of 
chemical control and supervision the problems encoimtered by the departments 
in charge of -water treating plants come under two general classifications, the 
furnishing of a properly softened and clarified -water, and the check and con- 
trol of the treated water in the locomotive boi^rs. 

The che m ica l control of the -water softening plant is ^ected both throu gh 
periodic -water samples furnished a centrally located laboratory and through 
examinations at the plant. In most cases both methods are used. However, in 
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a few cases the chemical control of plant operation was obtained rmly by 
means of plant inspections. It would appear that the use of pericdie labora- 
tory samples, in conjunction with check on the ground, gives a more com- 
plete record and control of the water furnished for boiler use. The time in- 
terval between sample periods should be short enough that close touch with 
the situation is maintained. Semi- weekly sample periods with daily samples 
from important points appear to be favored. A very considerable increase 
in the number of chemists or inspectors employed would be necessary* to give 
the same complete record and accurate control given by the use ci both sys- 
tems in conjunction. 

Another outstanding difference in system; for plant control is that tests 
and formula adjustments are made by pumpers on some roads, while on 
others this system is not looked upon with favor. In the majority o: cases 
these tests are only used under unusual conditions. 

Laboratory” control cannot be dep>ended upon exclusively. Even the most 
simply designed plants have mechanical futures and a chemical preportioning 
equipment that needs frequent check and inspection. 

Accuracy of water analyses and check of strength of chemicals will not 
produce expected results unless the plant functions correctly. Check is usually 
necessary of the plant operator as well as mechanical equipment. 

In addition to the routine tests us«i for periodic water analyses,, special 
laboratory” tests are made from time to time. Complete analysis are made of 
new supplies or of old supplies which fluctuate in quality. Hydrogen ion 
determinations are being made experimentally, since the range of the color- 
metric method has been extended to include waters of high caustic alkalinity. 
This determination is used not only in the study of removal of suspended 
matter, but also in studying pitting and corrosion. 

Clarification of water supplies constitutes a special problem. Although 
the clarification of many supplies is easy of attainment, others require special 
attention. It has been reported recently that the dissolved solids present in a 
water are an important factor in coagulation and that the clarification results 
are controlled to some extent by these solids as well as by hydrogen ion con- 
centration, This means that each supply is a special problem and requires 
individual study in the laboratory and at the plant to determine the most 
economical and effective kind and amount of coagulant. Jar tests may be 
conducted in the laboratory” to determine best coagulating conditions. In- 
structions for conducting jar tests emphasize .the importance of proper agita- 
tion. Mechanical agitation at a speed of 30 to 40 revolutions per minute is 
usually recommended. By ordinary shaking or violent agitation the flee 
formation is broken down and results obtained are not accurate or typical. 

One of the important duties of the water chemist or inspector is the co- 
ordination of treating plants results with the performance of the water in the 
locomotive boiler. On some roads boiler water tests are made periodically. 
These tests are made not only for check of treatment results, but also for con- 
trol of foaming, use of anti-foaming compoimd, and boiler blow down. For 
the regulation of the blowing down of boflers, dissolved solid tests give the 
boiler water concentration. After the concentration at which foaming occurs, 
has been determined, this test may be used to determine the increase in dis- 
solved solid concentration over the engine district and am o unt of blow-down 
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necessary can be calculated. The sodium chloride, dissolved solid ratio, 
gives a means for rapid dieck in the field of boiler conditions. 

The information furnished in the answers to questionnaire indicates the 
wide variation in means of eSecting this control under the varying conditions 
encountered on the different railroads. Regardless of the system in effect, 
the success of a general water improvement program depends largely on ade- 
quate rbpTniml control and supervision of the water softening plants, the ex- 
pense for which is usually much less than the cost of failures and possible in- 
terruption to traffic movement. The individual needs on the respective terri- 
tories require special consideration to determine the most economical means 
of best handling the local conditions. 
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The protection of boilers and boiler materials from corrosion and de- 
terioration while in storage may not at first seem a subject of concern to this 
committee. The selection of the materials that enter boiler construction, and 
their application and use, is the work of railway mechanical departments, and 
their storage and handling prior to application, the work of the mechanical 
and stores organizations. It is not the desire or interest of this committee to 
assume for engineering forces any powers or responsibilities which are exerdsed 
by and ^ould belong to other forces. The committee has become interested 
in the subject of boiler and boiler materials in storage, in consequence of the 
attention thfe association has given to the problems of providing harmless 
water supplies for use in boilers and the authority vested in the committee by 
the American Raflway Association to investigate and report on all causes and 
conditions which tend to aggravate or to simplify the troubles associated, or 
thought to be associated, with the use of impure water in steam boilers and 
their appurtenances. 

One of the troubles associated with the use of water in boilers, both 
locomotive and stationary, is corrosion. The interior of the boiler sbdl, the 
exterior of the firebox, the exterior of the boiler tubes, the staybolts and 
crown hobs and all other metal surfaces exposed to boiler water are subject to 
it. The corrosion may occur as rust or in the more aggravated form of pitting 
and grcmving. Pitting and grooving have demanded first attention, but rust- 
ing is not so lightly overlooked. Whatever the form, corroaon is waste. It 
is recognized as one of the greatest sources of waste in industry and is par- 
ticularly to be guarded against in boiler materials. 

Most railways expend large sums annually for these materials, both be- 
cause of the large amounts used and the high grade of material required. Be- 
tween seven and fen million dollars are expended each year by the I 

railways for boiler tubes alone. Corroaon is a direct out-of-pocket loss to 
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the purchaser in so far as the railroads are deprived, by corrosion, of all the 
metal purchased. 

Corrosion also increases the cost of maintenance. Strength is an im- 
portant factor in boiler metals. It determines the ability of the material to 
withstand the increasingly high pressures under which i>cwer is required to 
operate and also the strains resulting from variations in boiler temperatures 
and train movements. By reducing this strength and shortening the life of 
the materials^ corrosion increases the cost of repairs. The e:£pense of renew- 
ing boiler tubes and sheets is large whether the problem is one of renewing a 
few tubes in a roundhouse or an entire set in a shop. The cost of repairing 
fireboxes and boiler sheets is much greater. Usually the jacket must be re- 
moved and the motion work dismantled. From purely maintenance considera- 
tions, all corrosion that may possibly have a weakening efiect upon these 
boiler materials should be avoided. 

Where corrosion occurs to an appreciable degree, its tendency is also to 
increase operating costs. Always when repairs are required, the power is 
taken out of service and, when tubes are pimctured by pitting durir^ service, 
they cause fuel losses by allowing steam and water to reach and cool the fire. 
Often they also cause serious delaj'S to train movements, if not complete 
failures. The importance of these considerations has grown larger with the in- 
creasing tonnage of trains, the increase in the length of locomotive runs and 
the reduction of helper and relief service. 

Added to these considerations, and largely responsible for the higher 
prices paid for boiler material, is the question of safety. The aim in boiler 
construction is constantly to use as little metal as possible to reduce weight. 
In connection with fireboxes and flues and other metals through which heat is 
transmitted in generating steam, the desire is also to keep dowm the thick- 
ness of metal to a minimum, in order to avoid heat losses. At the same time, 
safety is i)aramount. The locomotive boiler under the high pressures of the 
present is a source of great potential danger. Explosions demolish equipment 
and are equally disastrous to life and may cause other loss^ in single in- 
stances that offset the economies of design, close buying or efficient handling. 
The reputation of a railroad for safety in operation also hinges ui>on its free- 
dom from such accidents or the likelihood of such accidents. The strength 
and other qualities of material in boilers must not be permitted to become 
weaJcened by corrosion, if such hazards and accidents are to be prevented. In 
this, respect, the avoidance of corrosion is decidedly in keeping with the 
slogan of “Safety First” in present railroad operations. 

The corrosion in operating railway steam boilers has received much study 
and is being attacked from various angles. Attention is being givxn to the 
selection of water supplies free from corrosive tendencies. Attention is also 
being given to such treatment of troublesome waters or to the control over 
the use of such waters as will reduce their injurious effects. The expense en- 
tailed in fhig direction, both in the res^rch involved and the methods pursued, 
has been considerable, but the fund of knowledge has been greatly enlarged 
upon and the progress made by those who have been able to interpret and 
apply properly that knowledge has been gratifying. Attention has also been 
given to the chemical and physical structure of boiler materials and even to 
their arrangement within boilers in order to render them resistant or to pro- 
tect them from corrosion during use. 
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The Committee finds, however^ that no attack upon the problem of 
boiler preservation is complete without considering the care received by 
boiler materials during their handling and storage, particularly in territories 
where corrosion is common. Undue rusting and also surface scoring and other 
deformations in the metals should be studiously avoided. This precaution 
should be taken not only while new boiler materials are awaiting applica- 
tion but also while power is stored and when handling second-hand ma- 
terials. Rusting, nicking or distortions of vital parts may so reduce the cross 
sectional area or alter the structural character of the materials as to -weaken 
or render less certain their strength in the \ital work they are designed to 
do. Rusting of boiler materials and their scoring or distortion in handling, 
moreover, not only reduces the amount of metal available in the boiler to 
withstand the rigors of corrosion, but are believed, from present knowledge, to 
render them r^istant to corrosion if not actually to accelerate corrosion 
Tvhen in contact wdth corrosive waters. 

The seriousness of these effects results from the fact that a boiler shell or 
boiler tubes or fireboxes are no stronger than their -weakest part and that 
pitting -win frequently attack the weakest spot and cause the complete failure 
of an otherwise sound piece of material. 

In studying the conditions under which boiler materials are handled, the 
committee has inspected many points of storage and has collaborated -with the 
Mechanical and Purchases & Stores Divisions of the A.RA. and presents the 
results of its investigations as follows: 

Storage at Point of Shipment 

Practically aU boiler materials with the exception of staybolts and crown 
bolts, which some roads make in their own shops, are purchased in finished 
form. Their protection from corrosion or injuries likelp to promote corro- 
sion should, therefore, begin at the factory. Most roads have taken the pre- 
caution to guard against irregularities in thickness or size, or defects in com- 
position likely to affect the strength of the materials, by appropriate clauses 
in their specifications, but those conditions or methods of handling that have 
a bearing on corrosion have not been emphasized. The Committee believes 
that railroads should e.xpect manufacturers and other dealers to so handle and 
care for boiler plate, firebox steel, boiler tubes and other boiler materials as 
to protect them from rust or other injury, not only up to the time of inspec- 
tion, but up to the point of shipment, and it is recommended that the follow- 
ing clause, or one of similar import, be inserted in all specifications for that 
purpose: 


SPECIFICATIONS 

It is further required of the manufacturer or dealer that the materials 
covered by these specifications should be cared for and handled following their 
manufacture in sudr a manner as will, in the judgment of the inspector, 
protect them from corrosion, scoring or other injury up to the time of de- 
livery and it is understood that such scoring or other injuries occurring be- 
tween the time of inspection and shipment -will be sufficient cause for sub- 
sequent rejection at the sdler’s expense. 

The Committee has investigated the question of coating these materials 
to protect them from rust, preparatory to shipment. Some roads do not favor 
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the practice on the ground that coatings h.de surface Imperfections. Other 
roads require manufacturers to apply a coating, particLilarly in the case of 
boiler tubes. The Committee endoRes the orposition to the use of any cool- 
ings that will prevent the proper inspection of the material. It should also 
be known that some coatings, such as kerosene, accelerate corrosion in them- 
selves and that the tise of heavy oils, by reason of their heat-insuiating prop- 
erties or tendency to emulsify in the boiler, are iikely to cause a variety of 
boiler troubles unless removed before the materials are used. Where the 
atmospheric or other conditions are such as to favor the use of coatings. 

A paint reducing oil properly thinned or approved protective coating 
should be applied. 

When oil or other coating of boiler materials is prescribed, the speci- 
fications should withhold its application as far as practicable until after in- 
spection of the boiler materials, and the composition of the coating should 
also be tested. 

Materials in Transit 

The rapidity with which deliveries are usually made at prc'^ent reduces 
the risk of injuries to boiler materials daring transit. The possibility of rust 
and other damage while in transit should be kept in mind, hovrever, and 
guarded against. With the exception of staybolts and crown bolts, such ma- 
terials, for the sake of convenience in loading, are usually shipped in open 
cars. Where the conditions of the shipments are likely lo result in con- 
siderable rusting, the use of oil free from corrosive qualities and which can 
be subsequently removed without undue expense may be advisable. Shippers 
and freight handlers should be advised against subjecting the material? to 
sharp bloTVs that may bend or cut, and, in all instances, the receiv’ers of such 
freight should observe the loads for evidences of such injury and lay the 
damaged material aside for examination. This inspection should particularly 
be assured where the material in transit has been wrecked, and the use of 
boiler tubes as levers, etc., should be avoided. 

Unapplied Material in Storage 

The Committee particularly desires to stress the importance of protecting 
boiler materials from corrosion or other injury while in storage or awaiting 
application. The cost of boiler materials to railroads has been needlessly in- 
creased and the life of boiler materials prematurely shortened by a failure to 
appreciate this. The Committee has been more impressed with the attention 
given by custodians to the arrangements made for convenient and economical 
handling of boiler materials and to their orderly and presentable appearance 
than to their protection. In shelter for boiler materials is sometimes in- 
adequate or lacking in places where unfinished castings, little subject to de- 
terioration from corrosion, enjoy such protection. Deplorable rusting has 
been observed in exposed stocks, and this rusting has not been confined to im- 
coated stocks but is commonly found in the lower sections of piles which have 
been painted on top, apparently for the sake of appearance. The Committee 
mentions these conditions with fuD knowledge that excdlent provisions have 
been TnaH<* at some points for the care of boiler materials while in storage 
and bdieves that shop forces have often been at fault in affording adequate 
protection to boiler materials as well as the store forces, but emphasizes that, 
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in meeting the corrosion problem, the existence of these conditions should be 
recognized where found and avoided as far as practicable. 

Store departments should order, and purchasing departments contract for, 
the smallest quantity of boiler materials consistent with current needs and 
purchasing and loading in order to avoid accumulations that can- 
not be adequately sheltered and to avoid exposure over long periods. 

As far as possible, adequate shelter should be provided for all boiler 
materials. Heavy investments are not necessary*, but such shelter should 
have a watertight roof and should preferably be completely enclosed, and the 
interior of the buildings should be free from dampness. 

Where shelter is out of the question, all boiler materials should be stored 
so as to shed water and to allow the free circulation of air over all surfaces. 
In the of boiler steel, this can be accomplished without interfering with 
convenient handling by setting rows of raOs vertically in concrete so that the 
boiler plate can be set on edge above the ground. A modified form of such a 
rack is equally suitable for storing tubes in sets, where they will drain and can 
also be lifted bodily by crane. It is particularly important that all tubes and 
plates should be stored to permit using the oldest stock first. The Committee 
emphasizes in this connection that a high rate of turnover may mean little in 
ha^nfiling boiler materials from the corrosion standpoint and may even be mis- 
leading the average rate truly represents the actual movement of units. 

Where rains are frequent, the layers of tubes should preferably be separated by 
non-metal strips to facilitate drainage. 

Where unsheltered tubes may be in stock over extended periods and much 
wetting is unavoidable and the region one where boiler corrosion is encoun- 
tered, they should also be protected by coating. A non-corrosive oil is pre- 
ferred to varnish, excesave applications should be avoided, and the oil should 
be cleaned off before the materials are used. 

Care should be exercised when transferring stock of boiler materials from ‘ 
one point to another and in delivering to users at shops to protect them 
from dents, cuts or bends, and all handlers should avoid using the materials 
in ways that may cause such injuries, for example, the use of tubes as ful- 
crums, levers, etc., and the use of boiler plates as a surface on which to chisel 
cutting and wrelding work, etc. Any boOer material showing extended corro- 
sion or injury should be held for inspection before being used. 

Making Ready for Use 

In regions subject to boiler corrosion, boiler forces should be given to un- 
derhand that rust, pits, dents and other scoring of boiler materials, and also 
surface oils, may promote corrosion or other troubles in operation and diould 
be removed b^oie the power is placed in service. Boiler plate and tubes 
should be inspected for pits and the precaution taken to assure that aU 
depoats in these lats are removed and the cavities filled. This is usually ac- 
coxj:q>lished in a satisfactory manner by spotwelding. Since the punching of 
bolt holes in boiler plate has been found to promote corrosion as a con- 
sequence of strains set up in the physical structure of the metal, the practice 
of drilling holes should be followed as far as practicable. It is also important 
from corrosion standpoints, as wdl as from renewal considerations, to avoid as 
far as practicable m i xing second-hand tubes with new tubes, and particular 
care should be exercised to remove from the interior of the boiler, nails, bolts 
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or other loose pieces of metal because of their effect in promoting corrosion at 
points of contact with the boiler metal. 

Where boiler tubes have been varnished or oiled in storage and such 
coatings have not been removed before application, cleaning should be in- 
sisted upon in territories of troublesome waters before the power is released 
for service. The total amount of this oil on a set of tubes is large- In 
scaling waters, a common effect is to increase the tenacity with which the 
scale adheres to the tubes and, even where it is eventually removed under 
boiler operation, the tendency is to cause overheating of the metal by pre- 
venting the water from coming in contact with the steel. The oS may also 
combine with foreign matter in the water to form a scum which promotes 
boiler foaming or collects in steam outlets while compositions which dis- 
integrate under the heat are likely to promote corrosion. Troubles of this 
character may usually be avoided by washing the boiler with soda-ash. 

The soda-ash should first be dissolved in w a r m water and applied by re- 
moving a plug from the top of the boiler and pouring in the mixture 
through a funnel. This is preferably done in connection with the prepara- 
tions for steam testing. The boiler should be fired up and the steam pressure 
raised to the allowable working pressure. The boiler should then be blowm 
down and cooled and then thoroughly washed to remove any sediment caused 
by the use of soda-ash. 

Lrocomotives in Storage 

The Committee believes that no report on the protection of stored 
boiler materials from corrosion covers the problem without taking into ac- 
count the stored or out-of-service locomotive and power plant boiler. The 
stored locomotive is usually overlooked, but it is probably the greatest of aB 
sources of corrosion occurring under atmospheric conditions. Stored boDers 
containing corrosive wrater are less subject to the water when cold than when 
it is hot, but other conditions necessary to corrosive action are unchanged 
and may even be accentuated as by the lack of periodic cleaning to remove 
corrosive deposits. 

After the bofler is emptied, it may still be damp and unable to dry 
because of its enclosed condition. Under such conditions, rusting can take 
place and be aggravated by sweating during warm weather. Any corrosion 
tjLkmg place, moreover, is quite likely to proceed imhindered because it is not 
detected, as would be the case if the surfaces were exposed to view. As a 
result of these conditions, it is not uncommon to find pre^ressive deterioration 
in boilers, that were in good shape when stored. Instances have come to li^t 
where the tubes in many boilers have been completely ruined during the stor- 
age period. It is conservative to state that a large amount of money Is lost 
eadi year from corrosion of this kind. Since most railroads find it necessary 
to store some of their locomotives each year over considerable perioch, the 
protection of these boilers should receive careful attention. 

There is no universally accepted method at present of protecting stored 
boilers from corrorion. The results from the fact that the form and in- 
tenaty of corrosion, as well as dimatic conditions, vary in different sections. 
The ideal precaution is to empty the boiler while the surfaces are stiH hot and 
remove all plugs to permit the boiler to dry thorou^y. Where a dry boikr 
cannot be assured because of atmospheric or other conditions, it has been 
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suggested that powdered soda-ash be blown into the boiler until all sur- 
faces have been dusted w’ith it. One road reports satisfactory results from 
this practice. Boilers cannot be left filled with water during storage where 
freezing temperatures are encountered, but in the wanner climates it may 
prove more convenient and equally satis factorj*, where corrosion is feared, 
to give the water in the boiler a heav\' dosage of soda-ash or other inhibitor 
using about 50 pounds to the boiler. In all cases, stored locomotives should 
be inspected periodically if corrosion is suspected and should be thoroughly 
washed with water containing soda-ash before the equipment is again placed 
in ser\’ice. It is suggested that the method of washing, described under 
“Making Ready for Use,” be used for this purpose. 


Conclusions 

The Committee summarizes its report with the following conclusions and 
recommendations : 

(1) Railroads are e.xperiencing appreciable corrosion in boiler materials 
w’hile in storage. 

(2) This corrosion is not only detrimental to the material, and dan- 
gerous, but may interfere with other corrosion-prevention work. 

(3) Thorough protective work requires the proper exercise of care of all 
boiler materials prior to shipment, during transit, while being handled and 
stored at storehouses and while being prepared for application and while 
power is stored. 

(4) Proper protection of such material from corrosion is not altogether 
a technical problem, but a problem of educating all forces handling the 
material to appreciate that corrosion of these materials is detrimental and 
securing their co-operation in rust avoidance wherever boiler materials are in- 
volved. 

(5) Purchase specifications should include clauses requiring manufac- 
turers to protect boiler materials from rust or other corrosion prior to ship- 
ment. 

(6) Protective coatings are permissible where extensive corrosion in 
storage in transit is unavoidable, but in all cases the substance used should 
be non-corrosive and removed before the materials are placed in service. 

<7) It is equally important in corrosion prevention to avoid dents, cuts, 
kinks, or other injuries to boiler materials as well as to avoid rusting. 

(8) All boiler materials should be kept dry while in storage by adequate 
provisions for shelter, drainage, and free circulation of air. 

(9) Boiler materials should be stored to permit using the oldest stock 
first, and a high rate of turnover should be maintained. 

(XO> The mixing of second-hand tubes with new tubes in boilers and 
the mixing of tubes of widely differing composition should be studiously 
avoided. 

(11) Stored boOe^ should be preserved by adequate drying of the 
interiors, or by uang suitable inhibitors and they should be periodically in- 
spected for evidence of corroaon. 
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Appendix H 

(12) PROGRESS BEING MADE BY FEDERAL AND STATE 
AUTHORITIES ON REGULATIONS PERTAINING TO 
DRINKING WATER SUPPLY 

A. B. Pierce, Chairman, Sub -Committee; W. L. Curtis. C. H. Foy:. W. P. 
Hale, L. A. Henry, J. R. Hickox, R. L. Holmes, H. F. Kinu^ H. L. 
McMuUin, H. E. Siicox, H. W. Van Hovenberg. J. C. Wallace, A. £. 
Willahan, Dennistoun Wood. 

We were advised by the United StatK^ Public Health Senice in their 
letter dated July 9, 1930, as follows; 

“At the present time no changes in the interstate quarantine 
regulations are being considered. With the completion of the work 
of the Joint Committee of the American Railway Association certain 
changes in the regulations will be recommended.” 

R. C. Bardwell, H. W. Van Hovenberg and A. B. Pierce represent the 
American Railway Engineering Association on this Joint Committee. 

For several years the following subjects have been under discussion and 
studied by this Committee: Car "Water System, Car Water Filter Pipe, Car 
Water Filling Pipe, Water Coolers, Car Water Filter, Car Toilet and Lava- 
tory, Water Bucket, Sanitary Facilities of Coach Yards, Water Hose, Soil 
Cans, Handling Ice, Hydrants, Waste Disposal, and Coach Yard Platforms. 

During 1929 and at a meeting held June 11, 1930, the following sections 
of the proposed Manual on Railw’ay Sanitation wrere approved by the Joint 
Committee: Car Water Systems, Car Water Filling Pipe, Water Coolers. Car 
Toilet and Lavator>', Water Bucket, Sanitary Facilities of Coach Yards, Water 
Hose, Soil Cans, Handling Ice, Hydrants and Coach Yard Platforms. The 
recommendations approved by the Joint Committee were not made until an 
extensive questionnaire was sent out to the Chief Operating Officers of all 
Class 1 Railways and their answers carefully summarized and compiled. 

The Medical Section and Mechanical Division of the American Railway 
Association have also approved the above sections. 

Committee XIII — Water Service and Sanitation, has approved the fol- 
lowring sections; Water Coolers, Car Toilet and Lavatory, and Soil Cans. 
Sections on Sanitary Facilities of Coach Yards and Coadi Yard Platforms 
have received tentative approval by the Committee pending endorsement by 
Committee XIV on Yards and Terminals. Section on Hydrants is being 
given further consideration, as is also tests on car filling pipe. 

Through the Joint Committee extensive test was made this year of the 
methods used in cleaning removable coolers and soil cans. The test ivas 
made by the Illinois Central, Chesapeake and Ohio, Richmond, Fredericks- 
burg and Potomac and the New York, New Haven and H^artford Railroads, 
wdth the result that steaming was found to be of no special benefit from a 
sanitary viewpoint and flushing with portable water is now considered 
satisfactory. 

In the last year the United States Public Health Service inspected several 
railroads from a sanitary standpoint. A detailed report of their findings was 
sent to the various roads tlras inspected, not only critidbririg existing san i t ar y 
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conditions but recommending that a trained sanitary- engineer be detailed to 
study sanitarj' conditions co-operating with the Joint Committee. Most of the 
roads receivine: these reports have made a surv’ey of existing sanitarj’^ condi- 
tions with the idea of making improvements as far as possible along the 
lines thus recommended by the United States Public Health Service. 


Appendix I 

<14) METHODS OF LAYING CAST IRON PIPE AND 
SPECIFICATIONS 

F. D. Yeaton, Chairman, Sub-Committee; C. H. Fox, J. P. Hanley, P. M. 
LaBach, R. A. Tanner, W. A. McGee, H. E. SiUcox, W. B. McCaleb, 
A. E. Willahan, J. H. Da\idson, R. X. Foster. F. P. Turner, H. F. King. 

General 

Methods of laying cast iron pipe and preparing complete specifications 
are closely related to and involve the subject of the design, construction, and 
maintenance of pipe-lines. The Water Service and Sanitation Committee has 
pre\iousIy given consideration to certain phases of this subject. 

The following reports relating to this subject have been published by the 
Association: 

Relative Merits of Cast-Iron, Steel, Wood and Other Materials 
for Pipe Lines — 1923 Proceedings. 

Specifications for Contracting Water Service Work — 1923 Pro- 
ceedings. 

The use of Lead as Compared with Substitutes for Joints in 
Cast Iron Pipe — 1925 Proceedings. 

The Design, Construction and Maintenance of Pipe Lines — 1926 
Proceedings. 

Map and Profile 

An accurate map, profile and detailed drawings should be prepared show- 
ing the location, alinement and grade of the pipe line, the size and class of 
pipe, the radius and length of each curve, location and amount of angles and 
bevels, the position and size of valves and other appurtenances. The various 
sections of pipe and the special forms should be numbered to correspond with 
the location on the map so that they can be readily sent to their proper 
places. 

Stakes should be set by the railroad comirany’s engineer for the line and 
grade of the pipe line before trenching operations are commenced. The Con- 
tractor ^ould be required to protect the stakes and use particular care to 
adhere to the establi^ied lines and grades. 

Trenching 

Trenches for water pipe are not usually deep enough to require bracing 
or Meeting, the depth being from four to six feet or sufficient to give the 
necessary covering for protection and to place the pipe below the frost line. 
In the Northern tier of States and Canada greater depth are sometimes 
necessary. Where pipe lines cross high ridges extending above the hydraulic 
grade line deep trendies may require sheeting and bracing. In wet ground 
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it is usually advisable to open only short sections of the trench at a time. 
In rock the trench is carried several inches below the proper crade and the 
space refilled with fine material to give the proper bedding for the pipe. 
Bell holes for cast iron pipe should be excavated wide enough to allow 
sufficient room for making the joints. 

Trenching machines are generally used in connection with the laying oi 
long lines of pipe. These machines are usually driven by steam or gas engines 
and are designed to cut a trench about 24 inches in width and up to ten 
feet in depth. The back filling of the trench may be by means of a scraper 
operated by a small gas engine mounted on a track. 

Foundation 

If the ground is unstable or too soft to give a good bearing, it may be 
necessary to use an artificial foundation to keep the pipe in place during con- 
struction and hold it rig^d against unequal pressure. This may consist of 
concrete blocks placed on stringers or of piling with caps on which the pipe 
may rest. 

If the pipe is full of water, it will weigh but little, if any, more than the 
soil displaced, so that there is not much tendency for it to settle after the 
back-filling has become compact. For large valves and heavy fittings, founda- 
tions of concrete may be used to ad\"antage. 

Material 

Cast iron pipe is extensively used for w’ater-pipe lines. The bell and 
spigot type has been m use for many years. Other forms of joints or couplings 
are now coming into more general use, 

A t>’pe of cast iron pipe ha\ing an iron-to-iron joint, consisting of a 
shallow conical hub and a corresponding short conical machined spigot, can 
be obtained in many sizes. Each hub and spigot has a pair of bolt lugs for 
ordinary pressure and two pairs, equally spaced, for high pressures. No 
packing, gasket, lead or caulking is required, and joints are quickly made. 
Pipes can be readily bolted together with the bolts which are furnished with 
the pipe, no lead, yam or caulking being necessary. The pipe is made in six 
foot lengths. 

A special tyx>e of coupling is now manufactured which can be used on 
special cast iron pipe. It consists of two metal half-housings, an inner ring of 
special composition and two bolts. It is claimed that this type of coujdlng is 
^^automatically leak-proof and can be installed faster at less cost than other 
tyi>e of coupling.” Several railroads have installed this type of couplmg, 
but it has not been in service sufficient time to make a definite statement as to 
its service in railroad work. 

Lead and substitutes for joints m cast iron pipe, also cement, wood, and 
composition, were given special consideration by this Association in its report 
of 1925. 

A compound selling under a trade name has been used quite extensively 
by several railroads. One of the claims made for this compound is that no 
caulking is required and that the labor cost is low. One of the objections to 
its use has been that it is necessary^ to bum out the joints and make them up 
new in case of leaks or repairs. 
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Several railroads have used a prepared lead joint cast iron pipe in small 
sizes. There are certain economies possible with the use of this type of 
joint, and, if properly laid and caulked, it will give satisfactory- service. 

Braided hemp, ordinary- 3 am, jute, and other material are used for pack- 
ing bell and spigot pipe joints. One advantage offered in favor of the square 
braided hemp is that it automatically centers the spigot in the bell and 
eliminates the use of centering w-edges. This may not be entirely so, par- 
ticularly with large hea\w pipe. 

Placing 

Small diameter cast iron pipe is easily handled without a derrick, the 
sections being low-ered into the trench b3- a few men. Large pipe may be 
handled economically with a small derrick or crane. In placing bell and spigot 
pipe, care should be taken to enter pipe to its full length and to make sure 
that there is sufficient joint space aU around- Cast iron pipe should be care- 
fully- bedded so as to have a uniform support under the bottom. The pipe 
should not rest on bowlders, rocks or similar unyielding objects. Probably 
more breaks of cast iron pipe lines have been caused by permitting pipe to 
rest on a rock or other unyielding objects than by any other cause. Like- 
wise, large stones should not be permitted in the refilling close to the pipe. 
Blocking and wedges are placed under special castings and valves. Sharp 
curv’es are blocked against the side of* the trench, or a mass of concrete is 
placed to take the reaction. The pipe should have been inspected for 
eccentricity, and the joint-room should not vary much from the required 
dimensions. The pipe should be clean inside when it is placed in the trench; 
open ends should be plugged when work is stopped to prevent stones or other 
objects getting inside. 

Caulking 

The pipe spigots should be adjusted to give a uniform joint space. The 
packing of jute or other material should be carefully inserted and thoroughly 
jacked with a thin 3'aming-iron. If special strength is not required, this pack- 
ing may nearly fiiH the sjace back of the enlargement in the bell. The re- 
maining space is filled with molten lead, cement, or other substitutes. There 
may be economy in the use of a pneumatic caulker if there is much work to 
do. 


Testing and Inspection 

The pijje line as completed should be tested in sections of about 1000 feet 
or more under full working pressure by the application of internal pressure. 
For this purpose the ends are closed with specially made blanks which are 
provided with pipe fittings, valves, and gage attachments. The pressure used 
should be somewhat higher than that which will be obtained in regular serv- 
ice. It may be inconvenient to leave the entire pip)e line uncovered until the 
test is made on account of trouble due to the temperature changes, but the 
field joints if i)ossibIe should be left open for inspection. Wherever leaks 
are found the pipe should be recaulked. It is not always convenient to test 
the pipe line by hy-draulic pressure in which case the test may be made by 
means of compressed air. 
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One western railroad tested a 5 mile, 12 inch cast ir n pipe line with 
compressed air. A home made testine outfit was used, of a 1? 

H.P, engine and air compressor mounted on a tnick. The 
tested in sections. The air compressor was connected to the main line by 
means of a 1J< inch pipe, connected to a cap over the end o: the main. An 
air relief valve set at 12S pounds, a gage, globe valve, and check vaive were 
placed in the line between the compressor and main. The joints w’ere tested 
for leaks by brushing them w*ith a solution of soft soap and water. Leaks 
were detected by means of the soap bubbles formed by the escaping air. 

Pipe laying should be constantly and carefully inspected, and all pipe, 
specials^ valves and other fitting should be examined before laying friT 
incipient cracks and other defects. 

Back-Filling 

It is advisable to cover pipe lines to prevent the water from freezing or 
to protect them from extreme variations of temperature. covering cf twu 
or three feet is usually sufficient to protect them from injure' by ordinary^ 
traffic. The back-filling should be done carefully up to the top c: the pipe, 
the material being placed and tamped. It the pipe is located under paved 
streets or tracks the back-filling should be thoroughly tamped. The boick- 
filling should not contain cinders or other material that might cause early 
corrosion of the pipe. Neither should large stones be permitted in the re- 
fining dose to the pipe. 

Expansion and Contraction 

In the case of cast iron pipe with lead joints sufficient expansion and con- 
traction is usually provided due to the flexibility of the lead joint:. One 
railroad reports the use of cement joints with a lead joint every* fourth joint 
for flexibility and expansion. At a certain terminal, hot and cold w'ater was 
pumped alternately through a pipe line with lead joints, causing leaks due to 
expansion and contraction at the joints. A remedy was prodded by u^ing 
clamps and straps to hold the joints tightly together. Special joints are made 
for pipe exposed to high internal pres.«:ure, or excessive expansion and con- 
traction. 

Stop Valves 

Stop valves are placed in the pipe line at the time it is laid to enable il 
to be readily inspected and repaired. The interval at which these valves arc 
placed may vary with the size of the pipe and the points where it can be 
emptied of water and refilled. A long line of pipe might require con- 
siderable time to fill. In the case of breakage the water can be shut off at 
the nearest valve and considerable w’aste or serious damage be prevented. 

Air Valves 

Automatic valves in pipe lines are installed at the summits and some- 
times at shut-off valves to permit the escape of air on filling, and the entrance 
of air on emptying. There is a certain amount of air in water at all times, 
a portion of which is dissolved and another portion of which is mechanically 
entrained. This air in general, will collect at summits in the pipe line and 
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must be removed therefrom, otherwise there is a tendency to air binding 
which reduces the capacity of the pipe line. Air valves are usually connected 
to the main pipe by m eans of a short branch which is pro\'ided wuth a small 
valve to permit the removal of the air-valves for repairs. Air valves should 
be enclosed and protected from frost. 

Blow-Off Valves 

Blow'-off valves should be provided at depressions at the time the pipe 
is placed. The valve usually is connected to waste pipe leading to sewers, 
streams, or drainage channels. The valves are usually smaller than the main 
pipe. The location of the valves should be clearly marked and the covers 
to the pits, in which the valves are placed, should be kept free from dirt, ice, 
snow, and other obstructions. 

Check Valves 

Check valves are placed at points where a break w^ould permit a large 
loss of water by backward flow, such as at the foot of a long upward grade. 
They are also placed in force main just beyond the pumps as a protection 
against surge and excessive pressure that might damage the pump. 

Pressure-Relief Devices 

Safety valves, or pressure-relief valves, are usually installed at the ends 
of long pipe lines where water hammer may occur. The problem of satis- 
factory pressures may be complicated by topographical conditions. Pressure 
relief de\dces to give satisfactory service, should be of simple design contain- 
ing few parts. Relief valves should not close so suddenly as to cause water 
ram in the pipe lines. 

Protection at Bridge and Railroad Crossings 

The amount of protection necessary to prevent freezing of water in pipe 
on bridges, or at other exposed places, depends upon the size of the pipe, the 
amount of circulation and temperature of air and the water, and upon the 
length of the expKJsed pipe. Small diameter piF>e usually require more pro- 
tection than large diameter pipe. A mixture of plaster of pans and sawdust 
has been used with good results for protecting water pipes. Usually the pipe 
to be protected is placed in a wooden conduit or box, and the fillirig around 
the pipe is some non-conducting substance, such as sawdust, mineral wool, 
asbestos, or other similar material. Expansion joints may be required in long 
pipe lines, on bridges or where the pipe is exp>osed for any considerable dis- 
tance in order to take care of expansion and contraction due to variations in 
temperature. 

Where cast iron pipe is laid under a highway or a track, or adjacent 
thereto, where vibration may cause damages, the pipe sections are sometimes 
strapped together at the joint with special clamps. "Pipe of extra weight with 
special coupEngs may also be used as a precaution of future breakage. 

Conclusions 

1. Many of the service breaks are evidently results of minute frac- 
tures in pipe line, caused in the handling of same from the foundry to firial 
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position in the trench. This matter should be carefully covered in all 
specifications as far as it is practicable. 

2. The practice of supporting pipe in the trench on wooden supports 
should not be permitted. These supports rot and allow the pipe line to 
settle. If an individual pipe settles on a knuckle of a rock, it is very apt to 
develop a fracture. 

3. Pipe laying should be constantly and intelligently inspected, and all 
pipes, valves, and special fittings should be carefully examined for small cracks 
and other defects before laying. 

4. Cast iron pipe lines may be successfully laid with bell and spigot 
joints, caulked with jute and lead. Special joints, and substitutes for lead 
may be used. Each case should be carefully considered to determine which 
will be the best and the most economical method to use. 


SPECIFICATIONS FOR LAYING CAST IRON PIPE 


Material 

All material shall be new and of the grade specified, and shall be the best 
of their respective kinds for the uses intended. 

Specifications for cast iron pipe and sj^dal castings shall conform with 
the American Railway Engineering Association’s standard specifications. 

^ Specifications for hydrants and valves shall conform with the American 
Railway Engineering Association’s standard specifications. 

The lead shall be first class pig lead containing not less than 99.5 per cent 
pure lead. 

Gaskets of hemp, jute or yam shall be the best quality for the purpose 
and satisfactory to the Company’s Engineer. 

Alinement and Grade 

The alinement and grade shall be established by the Company’s Engineer 
and must be accurately adhered to by the Contractor. 

Excavation 

The bottom of the trench shall be even and true to the established aJine- 
ment and grade and of sufficient width to permit proper laying of the pipe, 
maJdng the joints, and tamping around and over the pipe. 

Where necessary the trench shall be braced and shored to prevent caving 
and to protect the vrorkmen. If the trench is left open after working houra, 
protection shall be provided, and after dark suitable lights shall be placed in 
conspicuous places as additional protection- If deemed necessary by ^e Com- 
pany’s Engineer, watchmen shall be pro\ided on the work, day and night, ^ 

The length of trench to be opened or the area of the surface to be dis- 
turbed and restored at any one time shall be limited by the Company’s 
Engineer. 

New trenching will not be permitted when earlier trenches need back- 
filling, or labor is needed to restore their surfaces to a safe and proper condi- 
tion. 

The Contractor shall do all pmnping, bailing, building of drains and all 
other work necessary to keep the trench clear and suitable for laying the |npe. 
AH water, gas and other underground utilities aicounfered shall be protected 
and supported in such way as to prevent damage to them. When soft, yield- 
ing bottom is encountered in trenches, it shall be excavated and replaced with 
suitable material as directed by the Company’s Engineer. 

The Contractor shall carry on all tremdiing in such manner as not to dis- 
turb the tracks of the Company or interfere with the operations of the rail- 
road and diflU at afl times so protect the trenches and excavations as to insure 
the safety of both railroad employees and the public. 
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Classification 

Excavation will be classified as follows; COMMON EXCAVATION,*^ 
“ROCK EXCAVATION DRY,** “WET EXCAVATION ” “ROCK EXCAVA- 
TION WET,** or such additional classifications as may be established before 
the avrarding of contract. 

(a) Common Excavation: Common excavation will embrace all dry ex- 
cavation except rock, above low w’ater. 

(b) Rock Excavation Dry: Rock Excavation Dry will consist of rock, 

in place above low water in solid bed or in compact stratfied masses in their 
original position, which, in the opinion of the Engineer, will require blasting 
for its removal, and boulders or detached rock measuring one half cubic 

yard or more. 

(c) Wet Excavation; Wet Excavation will embrace all excavation, except 
rock, below low water- 
ed) Rock Excavation Wet: Rock Excavation Wet will consist of rock 

in place, below low water in stratfied masses in their original position, which 
in the opinion of the Engineer, will require blasting for its removal and 
boulders or detached rock measuring one half (J4) cubic yard or more. 

Low^ water referred to in these specifications shall be the elevation at 
which water begins to run into the pit in such quantity as to require pump- 
ing or bailing and is to be agreed upon at the time the excavation is being 
made. 

Measurement 

Measurement of excavation shah be by the cubic yard, and in accord- 
ance with the proper classifications. Measurements shall be made in excava- 
tion only, except where otherwise specifically directed. Backfilling of the 
trench sh^ be included in the excavation measurements. 

Measurement for pipe laying, including hauling, pla^g, caulking and 
testing, shall be by the linear foot. Pa 3 anent for the placing of extra valves 
and special fittings shall be by the piece. 

Pipe Laying^ 

All pipe shall be laid in a workmanlike manner to the established line 
and grade and to rest uniformly throughout entire length, Pipes shall be 
shoved home and supported concentrically in the beU of the adjacent pipe. 
The pipe and fittings shall be thoroughly cleaned inside before being con- 
nected 

Bell holes shall be of sufficient depth and width to permit the making of 
satisfactory joints. The bell holes shall be kept dry until the joints are com- 
pleted. 

Valves,, hydrants, special castings and fittings shall be set or laid as 
directed by the Company's Engineer. 

An open ends shall be closed before stopping work. 

Making Joints 

(a) POURED LEAD JOINTS OF BELL AND SPIGOT PIPE. 

Tbe pipe spigot s ha ll be so adjusted in the bdl or hub as to give as 
nearly a uniform space all around as possible and if any pipe or fitting does 
not allow suffident space for proper caulking it shall be rejected. 

Ibe caulking shall be done in such a manner as to secure a water-tight 
joint without overstraining the pipe. 

Ga^ets of hemp, jute or yam ^lall be braided or twisted and tightly 
^ven‘ before running or pouring the joint. Before pouring the lead the 
joint shall be dean and dry. The joint shall be run full in one pouring and 
the mdting pot shall alwa 3 rs be kept dose to the joint poured. 

Lead joints shall not be at any point or place less thgtn inch in thick- 
ness nor less than 2 indies deep. 

No change of alignment of pipe shall be permitted after the joint is 
caulked. 
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(b) CEMENT JOINTS. 

The, pipe shall be placed the same as for lead joints. 

Gaskets of dry jute or hemp shall be used instead of oakum as no pack- 
ing containing ofls or grease wiU be allowed. 

Dry cement shall be placed on a piece of clean canvass and moistened 
just enough so that when thoroughly mixed by hand it will be of such con- 
sistency that when gripped tightly by the hand it will hold its form and 
when dropped 12 inches it will crumble. 

The canvas containing the cement shall be placed under the bell and 
the cement tamped into place by hand with a caulking iron until the bell is 
about half full. It shall then be caulked with heavy blows until the 
cement is thoroughly packed in the back of the socket. 

This process shall be continued until the bell is packed solid out to the 

face. 

A small bead of neat cement in a plastic condition shall then be put on, 
using the caulking iron as a trowel. As soon as the initial set of the cement 
in the bead has taken place, the joint shall be covered with earth to pro- 
tect it from the air and sun. (In backfilling the excavated material -when 
settled with water helps to set the exposed portion of the joint.) 

Cement joints shall stand 48 hours before pressure is applied. 

In making repairs, the old cement shall be entirely cut out, and re- 
placed with fresh cement. 

(c) COMPOUND— SUBSTITUTES FOR LEAD. 

The pipe shall be placed the same as for lead joints. 

(Specifications as distributed by manufacturers may be used as a guid- 
ance for Company’s desiring to use these compounds.) 

Prepared Joints 

The jute and lead is placed inside the bell in the foundry. The spigot 
shaQ be entered completely into the socket and the lead caulked as specified 
for poured lead joints in paragraph la. 

Special Pipe, Couplings and Fittings 

(Specifications as distributed by manufacturers may be used as a guid- 
ance for Company’s desiring to use special pipe, couplings and fittings.) 

Testing 

The entire pipe line including specials shall be tested by hydraulic pres- 
sure upon completion in the presence of the Company’s Engineer. Tests 
shall also be made in sections of about 1000 feet as the work progresses 
(wherever possible between valves) and before backfilling the trench. The 

leakage shall not be more than gallons per day per in c h 

diameter per mile. The test shall be made before the trendh is entirely back- 
filled,' and all joints found leaking must be recaulked and all cracked or 
broken pipes or fittings must be removed and replaced and the test repeated 
until the pipe Ime is satisfactory. 

Back-Filling 

The back-filling shall be done as soon after the pipe laying and testing 
as possible. 

The back-fill from bottom of trench to top of pipe or fitti]^ diall be 
first filled and well rammed or tamped. The material above the pipe may be 
loose -filled and heaped to prevent depression, except at road crossings. 

If for any reason Ihe pipe or fitting is blocked up or if it does not 
securely rest on the bottom of the trench, the space under the pipe shall be 
carefully filled and well tamped. 

At road crossings the back fill shall be placed in 6 to 8 inch layers and 
well tamped, and if necessary, puddled so that no depression will occur. 

Earth placed dose to the pipe shall be free of stones or boulders which 
rrtigh t cause fracture of the pipe when struck with the tamp or rammer. Ex- 
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cess earth remaining after the trench has been filled shall be disposed of as 
specified for each particular installation. Only such excavated material de- 
signated acceptable for the purpose by the Company’s Engineer shall be used 
for refilling the trench. Earth containing an appreciable proportion of cinders 
or ashes sh^ xmder no circumstances be replaced in the trench close to the 
pipe. 

General Conditions 

All materials entering into the work and methods used by the Contractor 
shall be subject to the approval of the Chief Engineer, and no part of the 
work shall be considered as finally accepted until aU the work is completed 
and accepted. 

Company, Engineer and Contractor Defined 

As used in these specifications, the term Company shaU be understood 
to mean the Railroad or Railway Company. The term Engineer shall be 
understood to mean the Chief Engineer of the Company, or his duly authorized 
representative, and the term Contractor shall be understood to mean the 
person, firm or corporation agreeing to perform the work covered by these 
specifications. 
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Committee. 


To the American Railway Engineering Association: 

Your Committee presents herewith report on the following subjects: 

(1) Definitions of Terms (Appendix A). 

(2) Standardization of parts and accessories for railway maintenance 
motor cars (Appendix B). 

(3) Methods of alarm for gasoline propelled track cars (Appendix C). 

(5) Methods of scheduling and assigning of work equipment, giving par- 
ticular attention to equipment used in seasonal work (Appendix D) . 

(6) Methods of keeping data on work equipment and labor-saving de- 
vices (Appendix E). 

(9) Organization for the use and maintenance of tie tamping machines 
— ^air and electric (Appendix F). 

(11) Care of work equipment when not in use, with particular refer- 
ence to proper housing (Appendix G). 

(12) Standard colors for work equipment and motor cars (Appendix 

H), 

(14) Standardization of voltage, kind of current, etc., for use in elec- 
trically operated machines and tools for roadway puriroses (Appendix I). 

(15) Best practices of maintaining labor-saving devices on construction 
and maintenance of way work, and the organization of the necessary super- 
visory force (Appendix J). 

Progress is reported on the following subjects: 

(4) T5^es of snow-melting devices. 

(7) The selection and training of maintainers and operators of work 
equipment. 

(10) Organization for the use and maintenance of ballast cleaning 
machines. 

Subjects 8 and 13 have been transferred to another committee. 
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Action Recommended 

(1) That the report be adopted for publication in the Manual as 
recommended practice, and the subject continued. 

(2) That the report be received as information and the plans be 
adopted for publication in the Manual as recommended practice, and the 
subject continued. 

(3) That the report be received as information, and the subject dis- 
continued. 

(5) That the report be received as information, and the subject con- 
tinued. 

(6) That the report be received as information, and the subject con- 
tinued. 

(9) That the report be received as information, and the subject con- 
tinued. 

(11) That the report be received as information, and the subject dis- 
continued. 

(12) That the report be adopted for publication in the Manual as 
recommended practice, and the subject discontinued. 

(14) That the report be received as information, and the subject dis- 
continued. 

(15) That the report be received as information, and the subject dis- 
continued. 

Respectfully submitted, 

Special Committee on Maintenance op Way Work 
Equipment, 

C. R. Knowles, Chairman . 
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Appendix A 

(1) DEFINITIONS OF TERMS USED IN CONNECTION 
WITH MAINTENANCE OF WAY WORK EQUIPMENT 

C. R. Knowles, Chairman, Sub-Committee; Walter Constance, William Elmer, 
Robert Fanes, P. R. Henderson, F. S. Hewes, L. B. Holt, Jack Largent, 
J. B. Mabile, C. H. Ordas, G. R. Westcott. 

Adzing Machine. — ^Portable power-operated machine designed to adze the 
rail seat on ties to provide proper bearing for rail or tie plates. 

Apter-Cooler. — ^A cooling device for reducing the heat of compression in the 
final stage of compression and for the extraction of moisture. 

Air Compressor. — ^A machine for compressing air from one pressure, usually 
atmospheric pressure, to a higher pressure for use as a motive force in 
mechanical operations. 

Air Compressor, Multiple Stage. — ^A compressor with two or more com- 
pressing cylinders, the air passing from one cylinder to another, the pres- 
sure^ being increased in each successive cylinder and discharged into the 
receiver or transmission line at the ultimate pressure desired. 

Air Compressor, Single Stage. — ^An air compressor with one or more com- 
pressing cylinders from which the air is discharged direct into the air re- 
ceiver or the transmission line. 

Air Compressor, Single Acting- — One in which the air is compressed on but 
one stroke of the piston. 

Air Compressor, Double Acting. — One in which the air is compressed on 
both strokes of the piston. 

Air Receiver. — A. closed receptacle into which the compressed air is dis- 
charged by the compressor. 

Air Hose. — ^Laminated rubber and canvas tubing for conveying air under 
pressure. It is used in operating air tampers and other pneumatic tools 
and for spray-painting, cement-gun work, etc. 

Ampere Hour. — The common unit for measuring current consumption, being 
the amount of electricity transferred by a current of one ampere in one 
hour. 

Ampere-Hour Capacity. — ^The number of ampere-hours which can be de- 
livered by a cell or battery under si>ecified conditions as to temperature, 
rate of discharge and final voltage. 

Armature. — The rotating part of a motor or dynamo or magneto. It con- 
sists of a laminated iron cylinder or core keyed to a shaft, and in the 
dots of which are wound the armature coils of insulated copped wire or 
ribbon. At one end of the core on the shaft is mounted the commutator, 
a copper cylinder composed of insulated segments, which are connected 
to corresponding armature coils. 

Armored Hose. — Hose covered with a woven wire fabric, steel or other ma- 
terial, to protect it from injury or abrasion. 

Axle. — ^A shaft on or with which a wheel revolves. 

Ballast Car. — A car specially used for transporting ballast and designed to 
facilitate unloading into the track ^>ace and as nearly as posdble in the 
correct amount. It is also frequently convertible for use in revenue 
service. 

Ballast Cleaner, — ^Any device by which the dirt or other foreign matter is 
proved from broken stone, hard slag or wadied gravel baJlak. 

Ballast Crusher. — ^A machine designed to crudi or recrush stone and 
boulders to sizes suitable for ballasting tracks. The usual types are the 
gyratory, jaw and disc crudiers. 

A 
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Baixast Discer. — device consisting of a set of discs attached on ei^er or 
both sides of a motor car, and placed so as to run at an angle with the 
track, each set containing one or more discs designed to remove plant 
grow^, promote drainage and improve the contour of the ballast section. 

Baixast Plow. — device for plowing stone from between rails, or designed to 
be pulled over flat or convertible cars to unload ballast by scraping and 
pushing it from the sides and distributing it along the tradts. It may be 
made center, right or left hand. 

Ballast Tamper. — ^A portable machine actuated by compressed air or elec- 
tricity, or other mechanical device for compacting ballast under the ties 
of rsdQway track. 

Ballast Tamping. — ^The compacting of partides of ballast under the ties for 
the purpose of maintaining the surface of the track. 

Ballast XJnloader. — ^A friction drum machine operating device, consisting 
essentially of an engine, usually connected horizontally and in tandem to 
a grooved steel drum, around which may be wound a cable, used to puU 
a ballast plow over cars loaded with ballast or filling material. 

Battert, — A group of cells electrically connected. (AJ.E.E.) 

Bearing, Antt-Friction. — ^The points of support of a revolving axle, shaft or 
other part moving in contact with another, so designed as to reduce 
friction. Anti-friction bearings are usually: (a) ball bearings, which may 
take either radial or thrust pressure or both, (b) roller bearings, which 
may take either radial pressure only, or both radial and thrust pressure. 

Bearing, Axle. — ^The bearing in which the axle of a motor car or trailer or 
other unit of roadway machinery turns. If of anti-friction type it in- 
dudes inner race, balls or rollers, outer race, housing and pedestal, the 
housing and pedestal being commonly in one piece. 

Bearing, Plain. — The points of support of a revolving shaft or other sur- 
face moving in contact with another as the face of a thrust collar. 

Boom (Crane, Shovel or Derrick). — ^The heavy swinging arm which carries 
the crowding engine and ratchet beam of a steam shovel and forms the 
power arm of a railroad ditcher, locomotive crane, etc. It is stepped at 
the foot of the “a” frame of the steam shovel or derrick and the mast 
of the other types of equipment, being held in its inclined position by the 
boom guys. 

Box, Battery. — ^A shallow receptade for housing batteries. (Signal Section 
AJIA.) 

Box, Stdteing. — A device used to prevent the escape of liquids or gases 
around a rod or stem. 

Br4Xe. — T he whole combination of parts by which the motion of a car or 
machine is arrested or retarded. It almost always works through friction 
and may be mechanical (band or shoe brake) , electrical (magnetic brake) , 
or pneumatic (air brake). 

Brake Shoe. — A block of wood or metal formed to fit the tread of a car 
whed. 

Bucket, Automatic. — A bucket usually made in two or more parts and pro- 
vide with medianical means of opening and dosing. It may be single- 
line or two-line. It is used for handling various materials such as 
earth or coal, and may be of the dam shell, orange-peel or drag line type. 

Bushing (Bea ring ) .—A metal cylinder which is inserted in an opening and 
forms a bearing as on a shaft. 

Bushing (Pipe Fitting). — short tube threaded inside and outside, used to 
screw into a pi^e fitting to reduce its size. 

Cam.— A device used to convert rotary into redprocating motion; commonly 
an eccentric disc. 

Camp Car.— A car used as portable living quarters for workmen employed 
along a line of railway. 
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Canvas. — A coarse doth, made of cotton, used for curtains on work equip- 
ment and for covering motor cars and other equipment to protect it- from 
the weather. 

Car, Tracz. — ^Any car or machine operated on track, such as motor car, hand 
car, trailer, or other device not on M.CJB. tru(^. 

Car, Hanx>. — light four-wheeled, hand-operated railway work car supplied 
to maintenance employees for transporting men and tools. 

Car, Motor. — ^A small car propelled by a gasoline engine and for transporting 
workmen and their tools and materials over railway tracks. 

Car, OxrxiTr. — ^Any car used by transient gangs as living quarters or for 
handling tools and materials, indudes camp cars, tool cars, material 
cars, water cars, etc. 

Car, Section. — motor car designed primarily for the use of a section gang 
in track maintenance. Cars of this type vary widdy in design, weight 
and horsepower of engine and commonly indude nearly all designs of 
track motor cars. 

Car, Light Section. — ^A motor car weighing from 750 to 900 lbs. with a seat- 
ing capadty of 4 to 6 and capable of bdng handled on or off the track 
by two men. Cars of this type are usually propelled by 4 to 6 HJ?. en- 
gines. It is commonly used by small section and similar maintenance of 
way gangs. 

Car, Standard Section. — motor car weighing from 900 to 1200 lbs. with 
a seating capadty of from 6 to 8 men and a total load capadty of 2500 
lbs. Cars of this type are usually propelled by 6 to 8 HJP. engines. It 
is largely used on standard main line sections. 

Car, Heavy Section. — motor car weighing from 1200 to 1400 lbs. with a ■ 
seating capadty for 10 to 12 men, is equipped with 8 to 12 HJP. en- 
gines. Used largely with large section or extra gangs and wiH haul one 
or more trailers with men and tools. 

Car, Heavy Duty. — ^A motor car weighing from 1400 to 2000 lbs., or more, 
and designed for hauling trailers and such other equipment as ballast 
discers and weed mowers; it is also used for hump yard service. Seats 
and decks are sometimes lengthened to accommodate a large number of 
men. It is propdled by engines ranging from 12 to 30 HP. 

Car Inspection. — ^A motor car used for inspecting track and right-of-way. 
Inspection cars are of two classes, light in;g>ection cars carrying up to 
four persons, and the party inspection car accommodating as many as 12 
persons. 

Car, Party iNSPECfiiON. — ^Any car with a capadty of four or more men used 
exdusively for inspection purposes. Motor cars of this type cover a large 
range of sizes and kinds. 

Car, Light Inspection. — ^A motor car des^ned to carry one or two men and 
tools. They vary in wei^t from about 400 to 600 lbs., the lighter car 
being designed for use by one man. They usually have a load capadty 
of 650 to 800 lbs. 

Car, Push. — ^A four-wheeled railway work car, designed to be pushed by 
hand, but not uncommonly us^ as a trailer with a motor car, and 
suppfied to maintenance ^nployees for tran^rting materials too heavy 
to be carried on a hand or motor car. 

Car, Trahuer. — A four-wheeled railway work car, somewhat similar to a push 
car, to whidi it is convertible, but of a more substantial construction so 
as to permit its movement at speed while attached to a motor car. It is 
sometimes provided with a removable seat top for carrying men and is 
usually equipped with roller bearings. 

Cabrcage Bolt. — ^A bolt made square tinder fho head so as to prevent k from 
turning when in its place. They have thin button-shaped heads and are 
used in wood. 



device by which the gasoline used in the cylinder of an in- 
combustion engine is vaporized and mixed with air for proper com- 
bustion. 


Cas tk ix a ted Nijt. — A nut having slots cut crosswise in the upper portion. 
The nut is screwed on a bolt so that one of the slots coincides with a 
hole through the bolt to permit of inserting key, thus securing the nut. 

— A single element with electrolyte and container. (AJJEJE.) 

Cell, Day. — A primary cell using zinc as the positive electrode, carbon as the 
negative electrode and ammonium chloride for the electrolyte. (Signal 
Section, AJRA..) 

Chain Drive.— -A means of transmitting power employing the use of sprockets 
and chain in place of pulleys and belt. 

Ceam-Seell. — A grab bucket having a tray composed of two equal opposite 
scoops, winch spread to open on the material to be lifted, and qinL’- into 
the material through the weight of the bucket when closing. It is in 
common use ^ an accessory to a crane or derrick for handling bulk 
materials and is also used for earth excavation. 

CoNVERTiBiii Car. — A car so built that it may be converted without re- 
construction from one type to another, as center dump gondola to side 
dump gondola. In the former type it is effective as a ballast car, in the 
latter as a car for grading. 

CoTjpuER. — ^The device by means of which any car or machine to be towed is 
connect^ to the towing agency. Coupler includes draw head, and 
coupler link and pins, or other device for connecting two draw heads. 

Ceaisr.-— A weight-moving machine designed for direct lifting and also for 
horizontal movements which may be circular, radial or universal. It is 
of many different types, as stationaiy, locomotive, traveling, gantry, etc. 

Crane, Crawier. — A revolving self-propelling machine having functions 
sum^_ to those of the locomotive crane, but equipped with crawler 
treads m place of wheels, so as to travel on the ground or over the floor 


, IrC^MOTivE. — ^A revolving boom self-propelling, long-boomed, gen- 
^ - crane, gasoline or steam operated design to handle a grab 

bucket, lifti n g hooks or magnet, to move coal for locomotive use, to 
handle track materials, cinders or scrap metals, to erect bridges, excavate 
foundations, etc. 


CvcLE (Electrical). — One complete set of positive and negative values of an 
alternating current. (AJE^E.) 

Cycle (Engine). — ^A period in the operation of an internal combustion en- 
gine, as two cycle or four cycle. 

Deck, SEAT.~Tlie portion of the deck of a motor car or trailer that is raised 
above^e remainder of the deck to serve as seat for the occupants of the 
car. a motor car the engine and gasoline tank are commonly located 

TinriAr friA 


crane which is used for removing wrecked cars and engines, 
etw^ bridges or handling any heavy objects. Also called a wredcing 


with a m^t held upright by fixed stays, extending 
^from Its top to the rear, which limit the radial movements of the boom 
internal combustion engine in which‘ fuel oil, blown as a 
spontaneously from heated air previously 
by the engme to a pre-determined point above the firing point 

Direct D^ pj^.—A term applied to a motor car engine that is direct 

^-prepelkd gasoHne or steam shovel pivoted 
car a frame usually carried on a standard 

car body and trucks, or sometimes on four small double flanged wheels 
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made to run on lapped sections of track laid loosely on flat car floors. 
It is primarily designed to excavate side ditches in railway cuts, and to 
cast the material to the top of the excavation or load it into cars at 
either end or side of the one upon which it is carried. 

Ditcher (Jordan Type). — heavy car having mounted on each side a steel 
plow ^aped to cut roadway shoulder and ditch to proper contour. Ex- 
cavated material is pushed to the top of the cut or moved ahead of the 
plow to lower ground at the end of the cut. 

Dorxv, Track. — car operating on one rail only designed to be pushed by 
hand. It may be equipped with box for handling ballast or earth. 

Drag Line Bucket. — ^A rectangular bucket having one end open to admit the 
earth or other material, which, as the bucket is dragged over it, is 
loosened by means of a number of sharp, beveled steel teeth fastened to 
the mouth of the bucket. 

CoupiER Drawbar. — The portion of a coupler used to connect the draw heads 
of two cars or other units of roadway machinery. 

Courier Drawhead. — ^That portion of a coupler that is rigidly attached to 
motor car, trailer or unit of roadway machinery design^ to be towed. 

Drill, Bonding. — ^A drill similar to a track drill but designed only for drilling 
small holes through web of rails for attaching bond wires. 

Drill. — ^Any tool or machine used for boring holes in metal, stone or other 
substance; specifically a steel cutting tool, sometimes a straight sted bar 
driven with a sledge, but usually a bit fixed to a drill stock or a 
drilling machine. The principal uses of drills include well drilling, mak- 
ing holes for blasting rock, and boring through metal, notably in the 
fabrication of steel stnictiures such as bridges, in the making of fro^, 
switch^ and crossings out of track rails, and in the drilling of rails in 
track for joint bars and for rail bonds. 

Drill, Flat. — ^A boring^ tool made from a flat piece of tool steel with double 
beveled cutting point used chiefly for drilling holes through the web of 
rail for track bolts. 

Drill, Pneumatic. — ^Any compressed air driven tool used for drilling, ream- 
ing and boring in metal or other hard substances. 

Drill Press. — ^A bench tool for drilling holes, consisting of a movable work 
table and an iron frame in which a vertical revolving spindle is mounted 
to carry the driQU-bit. 

Drill, Rock. — Any device designed for making holes in rock. The term 
is commonly limited to the portable machine tools operated by st^un, 
compressed air or electric power to prepare holes for blasting excavations 
in rock, such as for railway excavations, tunnels* etc. 

Drill, Rotary Hand. — A holding device for a drill-bit; si>ecific^y a hand- 
operated drilling machine which, when equipped with a diill-bit and 
pressed by hand or breast against the work, bores or drills holes. 

Drill, Track. — ^A machine tool designed to operate horizontally to difll 
holes through the webs of track rails, csi)ecially for track bolts. It may 
be a one-man ratchet drill or a geared drill machine with a frame, 
damps, feed screw, high si>eed st^ bit and chuck and alternating crank 
handles turned by two men or power operated. 

Drhl, Twist. — ^A steel boring tool similar to a wood boring bit, the spiralled 
portion usually 3 in. or more in length and ending in a wide-lipped, 
double-beveled point, while the shank is diaped to fit in a brace or 
chuck for operation by hand or by jwwer. 

Drop Hammer. — ^A type of pile driver hammer which is raised by means of a 
hoisting engine and permitted to drop by gravity on the head of the pile. 

Dump Car. — A car designed to discharge its load wdth a minimum of time 
and labor. Automatic dump cars disdiarge the load by tilting the body, 
whidi is usually accomplished by means of compressed air. Hbpp^ bot- 
tom dump cars discharge the load by gravity through manually operated 
trap doors and may be either center dump where load is discharged 
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between the rstils or sde dump where the load is discharged outside ^e 
railg Convertible dump cars may be changed from center dump to side 
dump without reconstruction. Dump cars from which the entire load 
is discharged freely are self cleaning cars. 

EiSusmR, Four-Cycle. — ^An internal combustion engine receiving a power im- 
pulse in each cylinder at each second revolution. 

Engine, Gas. — An internal combustion engine using natural or manufactured 
gas as fuel. (AJR.JE.A.) 

Enctke, Gasoline. — ^An internal combustion engine using gasoline, naphtha or 
other volatile petroleum products as fuel. (AJR.JEA.) 

Engine, Internal Combustion. — A prime mover in which the power is de- 
rived from the expanding gases during combustion of the fuel compressed 
and ignited in a cylinder and acting directly against the piston. 

Engine, Oil. — ^An internal combustion engine which is started and operated 
on a non-volatile oil of medium low Baume degrees, the fuel being 
ignited from a surface heated by previous combustion of the fuel. 
(AJR.EA.) 

Engine^ Two-Cycle.— -An internal combustion engine receiving a power im- 
pulse in each cylinder at each revolution. (AJR.EA.) 

Excavator, Drag Line. — A revolving, long-boomed power-operated crane de- 
signed to handle a drag line bucket at the end of a wire cable. This 
machine is frequently used in excavation too wet to support a steam 
^ovel and not accessible to horse drawn scrapers. 

Extension Handles. — ^Lifting handles applied to track motor cars or other 
light work equipment so designed that they pull out from the body of 
the car or equipment. Facilitates the removal of equipment from track 
by increasing the leverage obtained. 

Flange. — projecting drag, rib or rim on any object as the base of a rail or 
the top and bottom horizontal parts of a beam or girder, designed to 
fumMi the necessary resistance in tension or compression in flexure. 

Flanc® (Wheel). — A projecting collar on the inside edge of a car wheel by 
means of which it is kept on the rail. 

Flanger. — A form of plow, sometimes placed under a special car called a 
flanger cai, or under a snow plow, for clearing ice and snow from the 
inside of the rails to provide a clear passage for the wheel flanges. 
Flayers are also frequently attached to locomotives, either on or just 
behind the pilot. 

Flasbe Point. — The temperature at which escaping vapor will ignite momen- 
tarily, usually ai^li^ to oils and hydro-carbons. 

Flywheel. — A heavy whe^ placed upon the crankshaft for the purpose of 
equalizing the power of an engine. 

Fkbe Running Engine. — A term appHed to a motor car engine connected to 
the drive axle of the motor car in such a manner that tbje engine may 
started and run without moving the car, the power being trans- 
mitted to the axle by means of a clutch, friction disc or belt. 

Free Air. — A ir at atmo^heric temperature and pressure. 

Gage OF Track. — The dista n ce between the heads of the rails, measured at 
ri^t angles thereto at a point ^ inch below the top of the rail. The 
standard gage is 4 feet 8^ inches. (AJI.EA.) 

G a s ke t.— —A t hin sheet of rubber, dtoth, paper, sheet or other mat eria l 

forming a joint between two pieces of metal to prevent leakage. 

Gearing.— A train of cog wheels, the teeth of which are in mesh. 

Gear. — A cog wherf, the rim of which is fitted with cogs or teeth for the 
purpose of ^igaging another gear or pinion. 

GrOVERNOR, Am,— A device used on an air compressor for determining the 
range in air pressure over wiuch the compressor operates. (Signal Sec- 
tion, AJRA.) 
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GrindeRj Tool. — portable tool-sharpening dev-ice, with revolving wheel or 
cone mounted on a spindle, rotated by means of gears, and operated by 
hand, foot or other power. It is usually provided with attachments for 
holding the tools in proper position while being ground. 

Ground Wire. — wire used in making a connection between a ground and 
grounded parts. 

Grounded Parts. — ^Electrical devices which may be considered as having the 
same potential as the earth. (AJ.E.E.) 

BtocMER (Pile). — ^A weight used to drive piles. (A.R.EA.) Such appliances 
fall into the general classes of “drop” and “steam” hammers, and operate 
between the uprights of pile drivers. 

Hammer, Pnetjmattc. — ^A bearing or striking tool driven by compressed air, 
used for driving rivets. 

Hoisting Drum. — The barrel about which is wound the chain rope or cable 
attached to blocks and other hoisting apparatus. 

Hoisting Engine. — ^The engine geared to the hoisting drum of a crane, der- 
rick or other lifting machine. 

Hose. — ^Flexible tubing made of woven fabric, rubber or metal for conveying 
air, steam, water, or other fluids. Hose damps are used to bind the hose 
to the hose nipple and coupling. 

Hose Ceamp. — ^A clamp for fastening the hose to the hose nipple or coupling. 

Ice Cutter. — ^A danger car equipped between the trucks and beneath the 
floor wdth a toothed steel beam, set on edge diagafiSIly across the track 
between the rails and raised or lowered by means of compressed air, 
of running rails to loosen hard snow and ice between and just outside. 

Inter- Cooler. — ^A cooling device for extracting the heat of compression be- 
tween the compressing cylinders of a multiple stage compressor. 

Journal. — ^The part of an axle or shaft on which the journal bearing rests. 

Knife Switch. — ^A switch having a movable blade of copper or brass which 
makes a contact between two parallel contact springs, commonly used on 
power switchboards of signal systems. 

Leads, Pile Driver. — The upright parallel members whidi support the dieaves 
used to hoist the hammer and piles, and which guide the hammer in its 
movement. (A.R.EA.) 

Lock Nut. — ^T he outer one of a pair of nuts on one bolt, which, by screw- 
ing up separately to a tight baring locks the inner one. 

Lubrication. — ^The application to moving surfaces in contact, such as parts of 
machines, of a substance to prevent friction. The more common ; lubri- 
cants are the light and heavy grades of ofl, the greases and the solid 
lubricants, such as the soapstones, graphites, etc. 

Lubricator. — ^A device for applying oil to a journal or other moving part. 
Also called oiler. 

Mixer, Batch. — A machine for mixing concrete in separate batches as dis- 
tlngui^ed from concrete mixed by a continuous mixer. (A.RJEA.) 

Mixer, Continuous. — ^A machine designed to maintain a continuous process 
of concrete mixing. Continuous mixers are now little used. 

Nutlocx. — A device for locking the nut in place on the bolt after it has been 
drawn up. 

Orange Peed Bucket. — ^A grab bucket with a tray composed of three or 
four equal sharp-pointed scoops which, when closed, meet in a point at 
the base, their outward convex triangular plates constituting a round bot- 
tomed bowl like the peel of half an orange cut vertically in e<[ual parts. 

PACKiNG. — ^Any material used in a gland to make a ti^t joint around a valve 
stem, piston rod or other sim^r part. Leather, rubber or metal rings 
are used. Also the oiled waste for lubricating bearings. 

Paint Spravino Machine. — A device for applying paint by means of com- 
pressed air consisting of power unit, air compressor, paint containers^ 
hose and spray gun. 
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Pile Driver. — machine for driving piles. It may be supported on a rail- 
way car for use on track or on a scow or barge for use in the water. 

Pinion. — A small cog wheel engaging a larger one. 

Power Tools. — ^Those operated by a specific t>j>e of energy as gasoline en- 
gine, electricity or compressed air, including such machines as drills, 
grinders, hack saw machines, etc. 

Pullet. — A whed. with a grooved, flat or slightly convex 3am, adapted to 
receive a cord or belt which r uns over it. It is used to transmit power 
or change the direction of motion. A pulley wheel in a block is a 
sheave, but the two words are used interchangeably. 

Rah, Saw. — ^A power machine, provided with a circular saw of either the 
toothed or friction type, used to cut steel rails. Small portable machines 
are in common use and larger units mounted on a railroad car are also 
employed. 

Rail Skids. — ^Two metal rails securely fastened to the underside of motor car 
frame to act as skids in placing car on or off the track. 

Rheostat. — ^A resistance used in connection with the controller for lipnting 
the current takP Ti by the motors, during acceleration. Usually consists of 
a number of iron grids or strips of iron ribbon properly connected and 
padted in a substantial frame. 

Rotary Snow Plow. — ^A car having at the front end a bladed wheel, set at 
light angles with the track and driven by an engine on the car, which, as 
the car is pushed forward by a locomotive, cuts the snow from before 
the plow and discharges it to one side of the track. 

Safety Rails. — ^A railing usually made of iron pipe applied to a motor car 
or trailer to serve as hand hold for occupants of car as a means of 
safety. 

Saws (Portable Rail). — ^Hand or power-operated portable machine designed 
for sawing rails in or out of track. 

Scraper Dump. — ^A scoop, usually of steel, used to move loose earth, etc., as 
in railway grading or foundation excavation. It is commonly hauled by 
horses, though id some cases by cable from a power source. Scrapers are 
of the drag, wheeled and fresno, or buck, patterns. 

Self-Cleaning Car. — ^A car having a floor forming one or more hoppers, 
with doors at the bottom which, when opened, permit the load to dis- 
charge by gravity. Hopper cars, ballast cars, side dump cars, etc., are 
generally self-cleaning. 

Side Dumip Car. — A car so constructed that its contents may be discharged to 
either side or to both sides of the track, through doors in the car sides, 
by means of an inclined floor and side doors, or by tipping the car body 
sidewise. 

Snow Crab. — A car equipped at its rear end with high, veiUcally-hhiged side 
wings adaptable to being ^read to cut into deep snow on each side of 
the track with the vertical cutting edges of their divergent braced sur- 
faces, in order to draw the snow in between the rails behind the car 
whence it may be handled with a following rotary plow, thus widening 
the snow cut. 

Snow Melter. — ^A contiivance designed to thaw and to prevent the accumula- 
tion of snow and ice in the tracks; sometimes a torch designed to be 
held close to the snow or a steam, electidcal, oil or gas heating device 
designed to be placed adjacent to or attaidied to the rails through the 
switch leads, at interlockers or railroad crossings, etc.; and sometimes a 
chemical to be poured or strewn along the trad^. 

Snow Melting Oil, — Any volatile oil, rich in hydrocarbon, the flame from 
which may ^ used for melting spnow as it falls, espedalb^ at interlocking 
pl^ts. It is used in hand vessels with a narrow ^out wrapped with 
asbestos to fonn a sort of tordx and hi stationary pots. 
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Snow Plow. — machine for removing snow from railway tracks. It may be 
a complete unit such as a push plow on its own trucks or a rotary 
plow with its steam plant for operating the snow wheel; or an attach- 
ment for standard equipment, such as pilot plow, a snow crab or a 
flanger. 

Snow Sweeper. — A car equipped with brushes, near the rails, and the neces- 
sary machinery to revolve them; used for sweeping snow from the rails. 

Spark Coil. — coil of insulated wire connected with the ignition system of 
a motor car for the purpose of increasing the intensity of the spark pro- 
duced by battery. 

Spark Gap. — ^The air space or gap through which a disruptive electric dis- 
charge passes. A gap forming part of a circuit between two opposing con- 
ductors and filled with air or other dielectric, across wMch a spark 
passes when a certain difference of potential has been reached. 

Spark Plug. — device for igniting the charge in an internal combustion en- 
gine by means of an electric current. 

Split Key. — ^A form of pin which is self-fastening, consisting essentially of 
two parallel strips or bars of metal, whidi, when united, constitute one 
pin, but the ends of which may be forced apart to prevent the pin bdng 
withdrawn. 

Spreader. — A car fitted with movable side wings, to form a push plow at 
the forward end, operating diagonally to the center line of the track for 
the purpose of leveling distributed ballast or other material down to the 
top of the rail or lower and spreading it over the surface of the road- 
bed. It is also used for widening embankments and excavations, and is 
sometimes equipped with extension wings for widening roadbeds, deep- 
ening side ditches in cuts, clearing snow from track, etc. 

Steam: Hammer. — ^A hammer which is operated automatically by the action 
of a steam cylinder and piston supported in a frame which rests on the 
pile. 

Steam Shovel. — ^A shovel operated by steam hoisting engines mounted on a 
car. The shovel or dipi>er may hold from to 6 cu. yd. of material and 
is mounted on the end of a heavy beam, which is carried by a swiveling 
boom. The dipper is operated and controlled by engines in such a man- 
ner as to permit of its being filled with earth or other material lifted and 
swung over an adjacent car or dump pile and there dumped. It is used 
in construction, ballast loading, coal handling, etc. 

Sweep, Rail. — ^Two flexible parts attached to the front of a track car in 
such a location as to bru^ from the rail, as the car moves forward, any 
easily removable obstruction on the top of the rail. 

Tackle Block. — ^A mechanical contrivance consisting of one or more grooved 
wooden or metal pulleys mounted on an axle held in a ca-sing which is 
also provided with a hook, an eye or a clevis by which it may be at- 
tached. Used to transmit power or to change the direction of motion. 

Tamper, Air. — ^An air driven tool used for compacting ballast under ties. 
Commonly used in sets of four, dght, or twelve tools in connection with 
portable air compressor of appropriate size. 

Tamper, EiECTRia — An electrically driven tool used for compacting ballast 
under ties. Commonly used in sets of four, eight, or twelve tools in con- 
nection with portable generator set of appropriate size. (Electric Tamp- 
ers are of three general classes, vibratory, magnetic impuli^ and mechan- 
ical impulse) . 

Tampi®, Mechantcax — ^A power driven machine for cx>mpacting ballast under 
ties. 

Threads, Cxjt. — Screw threads on a bolt or rod, formed by cutting away a 
portion of the material. The maximum diameter of the threaded portion 
of a bolt with cut threads is the same as the diameter of the bolt. 
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Threads, Rolled. — Screw threads on a bolt or rod, formed by displacing but 
not removing a portion of the material. The maximum diameter of the 
threaded portion of a bolt having rolled threads is greater than the 
diameter of the bolt proper. 

Tool Tray. — ^The portion of the deck of a motor car that is used for loading 
of tools and so designed as to prevent tools from falling off the car. 

Thrust Collar. — collar fastened to a shaft or axle by means of a set 
screw to prevent its shifting endwise. 

Thumb Screw.— A screw with two projecting flat sided flanges adapted to 
be turned with the finger and thumb. 

Tie Scoring Machine. — ^A portable power-operated machine provided with 
two circular saws designed to saw the face of track ties to uniform 
width and depth as a guide for hand adze work to provide a proper 
bearing for rail or tie plates in relay track work. 

Track Crane (Also called Maintenance Crane).— A power operated loco- 
motive crane of small capacity used principally for setting rails in the 
track in renewals, but having many similar applications in maintenance 
work. 

Trace Laying Machine. — ^A machine designed to minimize the manual labor 
of placing rails, fastenings, ties, and other materials. 

Track Ohjng Machine. — ^Power-operated machine usually mounted on some 
type of self-propelled car designed for the purpose of applying oil on rails 
below the ball and/or track fastenings. Oil applied to resist rust and 
corrosion and prevent freezing of joints. 

Two-Seeed Transmission (Motor Car). — A device applied to any motor car 
drive to change from a faster to a slower movement with an increase of 
power, which is usually effected through the medium of a jack shaft, 
power being transmitted to the latter by belt and thence to the drive 
axle by roller chain and sprockets. It is designed for the purpose of ex- 
tending the scope of the motor car to include that of both the section 
and the extra gang car, also to enable it to start heavy loads and operate 
on heavy grades. 

Velocipede Car. — C ommonly termed a “Speeder.” A light three-wheeled 
railway inspection car designed to be propelled by one or two men and 
used principally by lamp tenders, telegraph linemen, watchmen and 
others to travel short distances. 

Volt. — T he unit of electric pressure or electro-motive force. 

Voltmeter. — An instrument for measuring the voltage of electric current. 

Weed Burner.— A machine for burning weeds from the track and roadbed 
shoulder. A flame type burner consists of a fuel tank, a blower which 
furnishes the blast for the burner, and the burner itself, usually of the 
atomizing type using either distillate or kerosene, and a hood designed to 
protect the flame from the wind and deflect it to the roadbed. Super- 
heated ste am , drawn from a locomotive and applied close to the ground 
by means of perforated pipes, also performs a duty similar to that of a 
weed burner. 

Weed Destroyer.— A ^device for cutting or mowing, or a gas or liquid for 
bu rnin g or poisoning, weeds growing on the roadway. Discing and mow- 
ing machines are available as separate units or may be attached to the 
motor car, while the burning and poisoning are usually done by specif 
equipment movii^ as a train over the road. 
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Appendix B 

(2) STANDARDIZATION OF PARTS AND ACCESSORIES 
FOR RAILWAY MAINTENANCE MOTOR CARS 

G. R. Wescott, Chairman, Sub-Committee; O. L. Beydler, Walter Constance, 

W. N. Eddens, Jack Largent, E. H. Ness, C. H. Ordas, Harry Slabotsky, 

J. B. Trenholm, Fred Zavatkay. 

Until this year, this subject, which has been under consideration since 
1926, was handled by Committee XXII — ^Economics of Railway Labor. Upon 
the formation of the Special Committee on Maintenance of Way Work 
Equipment this year, the subject was transferred to the latter Committee, as 
the matters involved were more closely identified with the work of the 
Special Committee than with the work of Committee XXH — ^Eiconomics of 
Railway Labor. 

Up to the present time, the studies and conclusions cover only parts of 
that type of motor cars commonly used in section duty. During 1929, 
especial attention was given to details of wheels and axles, and the work this 
year was concentrated on couplers, safety rails and tool trays. 

In its work this year, your Committee has studied the practice of con- 
siderable number of railroads and has also had the counsel and advise of 
motor car manufacturers, who have shown a fine spirit of co-operation in 
developing* practices that would be acceptable to both railroads and manu- 
facturers. 

The following is offered as recommended practice (see foUowing i)ages). 

Progress is also reported on standardization of other motor car parts and 
accessories, such as size and type of bolts, types of gasoline lines, flagging 
equipment box, rail sweeps, wind diields, rail skids, etc., now under con- 
sideration. 


Conclusion 

That the plans be adopted as recommended practice and be printed in 
the Manual. 


Appendix C 

(3) METHODS OF ALARM FOR GASOLINE PROPELLED 
TRACK CARS 

C. H. Ordas, Chairman, Sub-Committee ; E. E. Christoph, J. F. Donovan, 
W. R. Gillam, C. H. R. Howe, H. B. Hoyt, J. B. Mabile, Philip Petri. 

There does not seem to be any established rule or practice as to warning 
devices used on railway track cars. The various devices in use range from 
electrically operated horns or sirens to a gong similar to those on street cars. 

Opinion is divided as to the necessity or desirability for a warning on 
cars of this kind. It is the preponderance of opinion that it is safer to put 
the entire responsibility on the operator of the motor car. The basis of this 
opinion is that the car will be handled more carefully if no warning is pro- 
vided and danger points will be approached with the car under control, while 
with a warning device there would be a temptation for the operator of the 
car to sound the alarm and proceed expecting the way to be cleared. 
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The Committee has conducted a thorough investigation and finds only 
one or two States and municipalities have any legal requirements for warning 
signals for track cars. These regulations do not specify any particular device, 
the requirements simply being that they shall be provided with a bell, horn 
or whistle audible for a distance of 300 feet. 

The necessity for some kind of an alarm on the car when passing over 
a road crossing is one of the principal arguments advanced in their favor. 
On the other hand those opposed to the general use of a warning device 
argue agfl-inaf: it as tending toward the operation of the cars at excessive 
speed over crossings, the operator of the car relying on the alarm rather 
than proper precautions. It is also pointed out that with the large number of 
closed automobiles in use there is a serious question if audible signals of any 
kind are of much value. Proper precautionary measures both on the part of 
the operator of the motor car and driver of the automobile are to stop be- 
fore proceeding over the crossing unless the view is unobstructed for a suf- 
ficient distance to avoid the possibility of a collision. It is, of course, 
recognized that there may be certain conditions under which motor cars are 
operated that would make it desirable or advisable to have some sort of a 
warning signal, as for example where tracks are laid in city streets. As a 
rule, however, it is the concensus that their general use is of doubtful value. 

Gongs similar to those used on street cars and operated by hand or foot 
have been used quite extensively as alarms on track cars. The objection to a 
warning device of this kind is that in an emergency the hands of the operator 
are engaged in releasing belt tensions or clutches of engines and applying 
brakes while his feet are used to brace him. There is also the possibility of 
plungers and levers of bells becoming jammed or obstructed by tools or 
clothing of the men occupying the cars and thus preventing their proper 
operation. 

The objection to the use of horns or sirens is that they may misdirect 
attention to automobiles on the highways rather than to the car; also that 
they must be operated by hand or foot. Electrically operated horns and 
sirens may fail when most needed in an emergency. 

Whistles of the mouth blown type or their equivalent as used by police 
officers, crossing flagmen and by track gang foremen seem to be the most 
desirable type of alarm for track cars as they are useful not only to give 
warning of the approach of the car under conditions where such a warning 
is desirable but are useful also in warning track workmen of approaching 
trains and for giving signals of other kinds. These whistles should be sus- 
pended by loop cords around the neck of the operator or foreman where 
they may be accessible. They may be blown intermittently or continuously 
as desired and comply with the requirements that they be audible for a dis- 
tance of 300 feet. The mouth whistle is distinctive which lessens the liability 
of its being confused with other t 3 ?pes of alarm in common use. 

Conclusions 

(1) The use of warning devices on track cars is not recommended 
except under special conditions. 

(2) Where desirable or adv&able to use a warning device the mouth 
blown whistle of the type tised by police officers furnishes the most efficient 
alarm for use on track cars. 
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Appendix D 

(5) METHODS OF SCHEDULING AND ASSIGNING OF 
WORK EQUIPMENT, GIVING PARTICULAR ATTEN- 
TION TO EQUIPMENT USED IN SEASONAL WORK 

J. B. Mabile, Chairman, Sub-Committee ; O. L. Beydler, J. T. Derrig, Robert 

Faries, W. R. Gillam, R. A. Morrison, E. H. Ness, G. L. Sitton, F. M. 

Thomson, G. R. Westcott, Fred Zavatkay. 

Your Committee takes the liberty to view and report on this subject 
from a standpoint of scheduling work instead of scheduling and assigning 
machines, the thought being, in order to keep machines at work the greatest 
number of days possible throughout the year, that the scheduling of non- 
seasonal work and work that can be considered non-seasonal (on which 
machines can be used), and programming the same so that machines would 
be available after seasonal work is finished (or as is often the case) such 
work can be done when machines are temporarily idle at intervals between 
seasonal jobs. 

Each unit of work equipment represents a certain outlay of money and 
will last a given number of years and should be looked on as a man hired 
under contract for the same period of years at a fixed salary per year whether 
worked or not and every effort should be made to keep the machines going on 
all jobs on which they can save money. 

The use of these machines is not confined to maintenance of way work 
and to keep the machines busy throughout the year and thereby affect 
maximum savings, departmental lines must be erased and the system officer 
in charge of the work equipment should work in close touch with the 
mechanical and other branches of the service, they keeping him advised as 
to their needs and he in turn arranging and notifying them when they can 
have the service required. This plan has been partially tried out on at least 
one railroad and it was found when maintenance machines were not re- 
quired on maintenance work they have been used to advantage and have 
been the cause of effecting great savings in the Mechanical Department. 

We have prepared a list of jobs that can be considered non-seasonal, on 
which these machines can be used (see Exhibit A) . While this list is not 
complete and will vary on the different roads, some may not have aU of these 
jobs while others wiU probably have work not shown in this statement. 

We have prepared (see Exhibit B) a list of machines in most general 
use on all railroads reporting. The figures in Column 1 indicate the number 
of days that the different machines must be worked in order to return 
carrying charges, or in other words, they do not become money-savers until 
after working the number of days shown. 

Column 2 shows the number of days seasonal maintenance work for the 
different machines. 

Column 3 shows the number of days possible to expect from each 
machine. 

Column 4 shows the number of days that machines are available for 
other than seasonal maintenance work. 

Column 5 shows by number the non-seasonal or jobs that can be con- 
sidered non-seasonal on which machines can be used. See Exhibit A for de- 
tails. 
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The difference in number of days per annum machines can be used on 
seasonal work (Column 2, Exhibit B), and the possible number of days 
such machines are available (Column 3) which is shown (after deducting 
number of days necessary for repairs) in Column 4, indicates the possibilities 
for greater utilization of equipment and resulting economies by scheduling 
the non-seasonal work. 


Conclusions 

(1) Each machine must be operated a dej&nite number of days before it 
becomes a profitable investment. 

(2) Seasonal work should be programmed and machines so assigned as 
to reduce to a minimum the work done by hand or other methods. 

(3) Non-seasonal work should be scheduled in order to utilize all 
machines the greatest possible number of days. The adaptability of the 
various machine for this class of work must be carefully considered. 


EXHIBIT A 


Job 

Bo. Class or Alsd of work 


1. Brsaklog concrete or atone. 

8. Cleaning open eella. 

3. Cleaning hot Kells. 

4. Coaling engines while ohates belxig OTerhauled. 

5. Cleaning anl palrrtlng. 

&• Clearing main and. yard, traolcs of snow and. Ice. 

7 . Cutting loo at track pans . 

8. Dlsioantllng retired rolling stock ajid buildings. 

9. nigging 6pen wells. 

10. Blsposlng of rubbish at terminals. 

U. Disinfecting boarding hooses, bunk oars aifL stock yards. 

18. Drilling holes in ties for spikes or lag screws. 

13. Kxcaratlng scale and turntable pits, etc. 

14. Srectlon of structural buildings. 

15. Electric lighting for tunnel and night work. 

16. Frelfih-t car construction and hea-ry repairs. 

17. Handling rail. 

18. HazdUng scrap. 

19. Placing drain or culrert pipe. 

20. Placing and removing screw spikes and lag screws. 

21. R un ni n g up and running off track bolts.' 

22. Replacing gantry or overhead ozanes needing repairs. 

23. Renewing decks on pile trestles. 

24. Spaolal work aroond shops, stores and roundhouses. 

25. Spike drirlng. 

26. Setting pre-east foundations, signals and battery wells. 

27. Transferring or shifting "Bad order" loads. 

28. IRilte washing. 
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EZEIBIT B 


: (1) : (2) I (3) ; (4) : (5) 

j :Ho.4aya : : : 

: : seasonal : : 

; :mainten- : : : 

;No> flays :anoe oi z • : 'AorJc that 

:per annumiway work : : : can he con- 

:inaohlna :per annnjn;Poaalble :No. days : sldered non- 
:must work:orL which :no» days :avallable: seasonal 
:to retam:ma chines :per amam:for non- : 
icariying :can be :for each • seasonal ; 

Kind of Maohine :chargea :ased rmachlne :work : 


Steam pitcher 

Ballast Disoer-. .. ... 

Bonding Prill 

X 3/4 yd. steam or gas 
shovel caterpillar... 

Hadden Rail Layer.... 
Track Uoner 

Oil Spray 

portable Electric 

Rail saw 

Rail Loader - Air.... 
Rail Laying Crane .... 
Tie Tamper (Air - 
old 4-tool) ........ 

Tie Tamper (Alr- 
(8 and IB tool) .... 

Tie Tamper (Elec.)... 

Weed Burner 

power Track prill.... 
Tie Adzing Hachines.. 

paint Spray 

X Locomotive Crane..... 


pneumatic Spike Priver 
Pneumatic Bolt Wrench. 
Electric Bolt Wrench-. 
Track Raising and 

Shifting Haohlne 

pitcher Spreader 

Track Balias ter. ...... 


21 

244 

* 335 

8 

183 

183 

9 

365 

365 

23 

244 

* 335 

10 

365 

365 

8 

153 

153 

23 

122 

365 

100 

365 

365 

10 

365 

365 

30 

365 

* 335 

35 

244 

» 335 

30 

244 

^ 335 

30 

244 

335 

30 

183 

* 335 

30 

365 

365 

30 

365 

365 

40 

365 

365 

25 

244 

* 335 

10 

306 

365 

13 

308 

365 

13 ’ 

308 

365 

37 

183 

* 336 

15 

244 

* 336 

20 

180 

250 


91 

1-2-3-4-9-13- 

- 

14-17-19-26. 

91 

1-2-3-4-14-17- 


19-22-24-26. 

241 

5 and 28. 

I 

19 and 23. 

91 

1-5-7-11-12-14- 

20-21-23-25-28. 

91 

1-5-7-11-12-14- 

20-21-23-25-28. 

91 

7-12-15-20-21- 

23. 

162 

6 . 

: 

ll and 28. 

91 

1-2-3-4-8-9-10- 

13-14-16-17-18- 

19-22-24-26-27. 

• 

1 aid 7. 

- 

12 and 23. 

“ 

12 and 23. 

91 

6 and 10. 


* On the larger machines, to which all repairs cannot he made in 
field, we figure 30 days per year out of service for ropalre- 
Ha chine equipped with crane boom will handle these Jobs. 

Haohlnes to be equipped with olamshell and dragline bucket, book block 
and magnet to enable it to do the varioos Jobs. 


X 
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Appendix E 

(6) METHODS OF KEEPING DATA ON WORK EQUIP- 
MENT AND LABOR-SAVING DEVICES 

Walter Constance, Cliainnan, Sub-Committee; J. F. Donovan, W. R. Golsan, 

P. R. Henderson, H. B. Hoyt, S. L. Mapes, R. A. Morrison, L. L. Parks, 

G. L. Sitton, J. B. Trenholm. 

This assignment is a continuation of the work of Sub-Committee 10, of 
Committee XXII — ^Economics of Railway Labor, which Committee, in its 
report, page 1289, Volume 31, submitted as information, a number of forms 
suitable for the recording of such data. 

Your Committee wishes to emphasize the statement of Sub-Committee 10, 
in its report, that ^‘the major objective of keeping data on the performance 
of labor-saving devices is to determine whether economy may be effected 
through their use when compared with other methods of doing work.” 

It is also our opinion that the data obtai n ed should develop informa- 
tion as to the efhciency with which the device is being handled and if it is 
being properly maintained. 

Your Committee submits herewith various forms of performance re- 
ports as information for your consideration, believing that the exhibits serve 
only as examples of existing practice and that the character of the forms 
required on any particular railway is subject to the nature of the informa- 
tion desired by the officers in charge. 

Exhibit A — ^Report for ditchers and drag lines. 

Exhibit B — Report for mechanical tie tampers, provides for complete 
daily report from foreman, it also has an extension to be filled in by Cost 
Engineer or Supervisor. It includes hand tamping done in connection with 
marine work together with other information necessary in full analysis of 
the job. 

Exhibit C — ^Report of ballast cleaner, with extension for completing the 
data. 

Exhibit D — ^Report power rail laying machine. 

Exhibit E — ^Report showing performance of , mowing machine. 

Exhibit F — ^Report spreader ditcher. 

Your Committee has made special inquiry as to reports on motor car 
performance and has received and considered a number of good forms. How- 
ever, the forms in the Manual, as shown on pages 1468 and 1469, seem to 
meet the requirements as well as any. 

, Conclusion 

Maintenance officers should continue to give careful consideration to the 
keeping of cost data, not only as to the comparative economy of machine and 
hand labor, but also for the purpose of developing the relative merits of dif- 
ferent machines in the same dass. We are of the further opinion that such 
records, properly kept, will be of benefit in securing the maintenance of 
equipment and in assuring its proper maintenance. 
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EiMtilt A. 


PSHFORiamCE OF DITCHER. DKRRICE. DRAC LPE . BTC. 


19 tglBd of Maiehine fc Ko.). 




PiPB 


■■HlllHIIIII 
















Hamuli 

HHHiHli 

■hBh^h 

hHUH 


TIME OF IttOHINE CHBir JLND OaHBR JOBOES [Show Kuadrtr oT Saeh) 
Work Train, Eng, No. C ab No . c ondneto r L oeoaiotlTe 


Snglneer Worked frou 


to 

H. 

M. 

Engineer worked from 

to 

& 

to . 

H. 

U. 

n reman worked from 

to 

& 

to 

E. 

M. 

foreman worked from 

to 

& 

to 

H. 

It. 

Laborers worked from 

to 

& 

to 

H. 

U. 

worked fron 

to 

& 

to 

H. 

M. 

worked fkom 

to 

& 

to . 

H. 

M. 

Remarks: 


Note: Tbls report to ka made up and nailad at the oloee of eaoli day to t&a DlTlslon 
Engineer, with aapy to Boadmaater or Superrlaor under abom en^loTed. Want mil 
explanation of all orertliDe and delays. Show aTorage load of ears In eubie yards. 
Also want under REaK&BEB, Bs-tarlal and laber for repairs. 


Operator_ 


THE A.B.&C. RAILWAY COMPANY 

RECORD OP MECHANICAL TIE TAMPINO OPERATIONS 



More IT tQmpmf iirtm 1» ngt wi dwiiM month notifu -this cfftct aecordmoluJ 
giving moohmc iwmbcf wth ctptanation. 1 
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BihlMt D 


PERFORiaiCS REPORT OF RAIL UTIHS iflLCHDiB 


JplTiaion 


_19 Mftcliliie Mo.. 


Loeatlon Prooi M.P. 


:Tbls : 

tMonth ; Te-Pate 


Lineal Feet - Laid Weight of Ha±l__ 

isrumber of daya operated Length per rall_ 


Man Hbnps 

JCaehlna Operator. _______ 

Gtromnd Man Operating with laehlne 

JLdzlng Tlea ............. __________ 

Other aork In eozmeetlon with 
laying rail 


lareinan 

GallcM Onit Coat 
:&^naes Gasoline O 

Luh. Oil p 

~o ' 

Waste, etc, C 


Cost 


TOTAL - 


Cost of repairs 


4 


Total - 


Lwaraga Ho. of aen vork dally 


*3hoir total ninnber of man hours included in 
ahewe, charged aeoooat of tzaral "to” and 
"fraB" work. 


Note: Most not indxule hours unloedlxig, loading 
and itnooxi^lng rail. 
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PEHFtmmCB or itoglMS itAnffryma 


(b) lfhinib«r of Bllea of svath cut 
(e) Momber of days operated 


(d) Rtmber of men -working (Are. per day) 


(h) Total cost to operate. 
(1) A-verage cost per ndle. 


(J) ATerage cost per ralle to do saute work by band.. 
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REPORT OF PEHFQRM&MCK OT SPREADES DIICHSR 


District 

From M.P. 


_ Spreader Ho. 
LocomotlTe Ho. 


Liu. Ft. dltoh. in out eon 7 leted_ 
»«*••« open " _ 

iLTora^ length haul in feet 
Yardage nore d 

Actual horura ditchlug 

Actual hours spcraadla g 

Actual hours other work A kind 


Total hoxira worked 


Actual hours delay clearing trains 

Actual hours delay other causes and kliid_ 


Total houra delay_ 


BOUTS on duty - Ikain erew__ 
Hours on duty - (^erator 


Work train 
__Engliioor 

Plrenan 

Conduc tor 

“Flagnan 

Brekonau 

_Rcmndhousa labor__ 
Coa l 

Water 

__011 and tallow 

Other expenses 


Cost per lin. 
Cost per eu. 


_jrotal work train expense__ 
__Operntor’a salar y 


Total all axpenss_ 


: ft. of ditch_ 
yd. nored 


Kote: Bender repoort for each working day, and wheneyer anohlue la out of aervioe, 
dally report will show why. 

Signed: ApproTsd: 



Ditcher Operator 
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Appendix F 

(9) ORGANIZATION FOR USE AND MAINTENANCE OF 
TIE TAMPING MACHINES— AIR AND ELECTRIC 

L. B. Holt, Chairman, Suh -Committee ; W. O. Cudworth, J. T. Denig, 
Wm. Elmer, Robert Faries, R. J. Gammie, S. L. Mapes, A. J. Neafie, 
L, L. Parks, F. M. Thomson, G. R. Westcott, J. B. Trenholm. 

After reviewing information as to practices of railroads using tie tamping 
machines your Committee has reached the conclusion that, generally speaking, 
there are few fundamental differences in the methods employed. 

It is felt that it will be best to make a concise statement of what appear 
to be the best standards to follow and then each railroad can apply them 
with such modifications as their individual requirements dictate. 

Tie tamping machinery has been in service since 1913, in which year the 
first successful pneumatic unit, consisting of a single cylinder portable com- 
pressor and two tampers, was employed. In succeeding years progressive 
improvements have been made imtil now we have as standard, four, eight, 
twelve and sixteen tool pneumatic and four, six, eight and twelve tool elec- 
tric outfits. 

Efficient and economical results with tie tamping machinery can only 
be accomplished when the mechanism is in good working order and manned 
by reliable men imder the direction of a competent foreman. 

Following is a statement of what appears the best balanced gang or- 
ganizations for good, economical surfacing work, with the most commonly used 
units, namely, the four, eight and twelve tool outfits of either pneumatic or 
electric type. These organizations are designed for surfacing work only, ex- 
cluding labor for spacing and renewing of ties as such work is outside the 
scope of this subject. When tie spacing and renewals are involved such addi- 
tional men as may be required can be added to the organizations shown. 


Organization of Gang tor Operating Four Tool Outtits 
1 foreman 

1 machine operator and handyman 
4 men on tampers 

1 man on jacks; also change off on tampers 

2 men handling ballast and hose or electric cables; also change off on 

— tampers 

9 men 


Organization op Gang for Operating Eight Tool Outfits 
1 foreman 

1 machine operator and handyman 
8 men on tampers 

2 men on jacks; also change off on tampers 

2 men handling ballast and hose or electric cable ; also change off on 
tampers 

1 man dressing off ballast 
1 water hoy 


X6 men 
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Organization op Gang for Operating Twelve Tool Outfits 

1 foreman 
1 assistant foreman 

1 machine operator and handyman 
12 men on tampers 

4 men on jacks; also change off on tampers 

2 men cleaning out ballast ahead of tampers 

2 men forking ballast; also change off on tampers and handle hose or 
electric cable 
1 water boy 

24 men 


Ordinary maintenance of tie tamping machinery during the operating 
season, such as greasing, oiling, cleaning, renewing spark plugs, flushing radia- 
tor, oiling tampers, changing gaskets, etc., should be handled by the operator 
who should be selected because of his aptitude along mechanical lines. 

More complicated fidd repairs should be taken care of by the Division 
Mechanic who normally cares for gas engines, motor cars, etc. He must 
make regular and S37stematic inspection of all tamping outfits under his 
jurisdiction and be responsible for the successful operation of same. 

At the close of the operating season the complete tamping outfit, in- 
cluding tools, should be sent to the Division or Centralized Shop where it 
should be gone over thoroughly by competent mechanics who will replace or 
repair all defective parts, clean the equipment thoroughly inside and out and 
after painting, store same under suitable cover until needed in the spring. 

During the winter overhauling of tamping outfits special attention should 
be given to the tamping guns. This would indude a thorough test to de- 
termine whether they are in efficient working condition or whether the 
pistons and cylinders are so worn that they are not giving profitable service. 
Guns in normal condition should use about 17 cu. ft. of air per minute and 
when the test indicates that the guns use 22 or more cu. ft. per minute they 
should either be replaced or the cylinders should be re-ground and over-size 
pistons applied so as to restore the effidency of the tool. 

The Division or Centralized Shop should be located adjacent to a side- 
track so that tamping equipment can be readily unloaded from and re-loaded 
into cars. The Shop diould be equipped with necessary madiine tools re- 
quisite for ordinary maintenance repair work and hoists, either hand operated 
or dectrical, should be provided to facilitate the work. 

If the compressing or generating units, as the case may be, require un- 
usually heavy repairs or replacwnents it is usually best to return this equip- 
ment to the manufacturer who is better equipped to take care of any 
work and restore the outfit to its original state of effidency. 
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Suggested Pipe Arrangement tor Four Tool Piteumatic Outetts 




C«/r^rW0r 
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Suggested Pipe Areangzment for Eight and Twelve Tool Puieumatic 
Outfits as Used on Four Tracks 

(With slight modification can also be used for two tracks) 
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Appendix G 

(11) CARE OF WORK EQUIPMENT WHEN NOT IN USE, 

WITH PARTICULAR REFERENCE TO PROPER HOUS- 
ING 

E. Pharand, Chairman, Sub-Committee ; Walter Constance, C. E. Miller, 

E. H. Ness, S. H. Osborne, J. G. Sheldrick, Harry Slabotsky. 

Your Committee has investigated the care of work equipment when not 
in use in considerable detail. The general practice on most roads appears to 
be that large equipment, such as shovels, cranes, pile drivers, etc., should be 
thoroughly drained and shipped into winter quarters when not in service. 
The machines can then be inspected and reconditioned, after which they 
should be boarded up or otherwise protected to prevent pilferage of parts or 
damage by unauthorized persons. Parts subject to rust should be coated 
with a suitable inhibitor to prevent damage from this source. The machines 
may then be stored in the division shops, on storage tracks or in sheds suit- 
able for this purpose. The switching about of large equipment during periods 
of idleness often results in damage to the machines and for this reason they 
should not be stored on used tracks. 

Smaller equipment, such as motor cars, tie tampers, concrete mixers, ballast 
machines, pumps, spike drivers, lag screw wrenches, air drills, tie tamper guns, 
weeding machines, bolt tighteners, paint spray equipment, ballast discers, 
adzing machines may be sent into division shops. Repair reports should 
then be submitted covering repairs required to each machine which may be 
given a general overhauling if needed, after which they may be stored in tool 
houses, mechanical shops, tool cars or special sheds provided for the purxx)se 
to protect them from the elements. If the above is not possible the machines 
should be covered with water-proof material and well greased to prevent them 
from rusting. 

The use of gasoline cranes and air compressors has increased to such an 
extent that many of these machines are in service on bridge or dock work 
during the winter and on rail laying with tamping equipment during the 
summer months with comparatively few in storage. When air compressors 
are at work on a bridge or dock job of considerable duration, during the 
winter months it is customary to house them in a cheaply constructed house 
provided with heat. 

The methods used for the prevention of rust and corrosion and care of 
parts appears to be general on all roads. The bearings, pistons, crank shafts, 
connecting rods, etc., are usually given a coat of medium grade cup grease. 
This also applies to parts carried in stock. For gasoline engines and air com- 
pressors, a mixture of regular gas engine oil with cheaper grade oils may he 
used to good advantage. 

The question of insurance on equipment was discussed by this Com- 
mittee but this item cannot be properly conadered until such times as rail- 
ways assign tracks, shops or housing for this particular type of equipment. 

Conclusions 

(1) It is essential to drain boilers, water reservoirs and tanks on equi^ 
ment when not in use. Plugged openings ^outd be installed in the equip- 
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ment for this puipose, and the holes properly rodded when plugs are with- 
drawn to assure complete drainage. 

(2) The use of oils, greases and anti-corrosive preparations is urged in 
view of the great saving effected in the prevention of rust and corrosion by 
this protection when equipment is in storage. 

(3) The assignment of track space or sheds for heavy equipment is 
strongly urged in view of the saving that may be effected by not having the 
equipment unnecessarily switched. 

Appendix H 

(12) STANDARD COLORS FOR WORK EQUIPMENT AND 
MOTOR CARS 

F. S. Hewes, Chairman, Sub-Committee; O. L. Beydler, W. O. Cudworth, 

W. R- Golsan, H. B. Hoyt, J. B. Mabile, A. J. Neafie, S. H. Osborne, 

Philip Petri, J. G. Shddrick. 

In TTiakiTis a study of the subject assigned, the Committee first divided 
the work equipment into two classes, designating them as light work equip- 
ment and heavy work equipment, whidi with the motor cars, makes three 
classes to he considered. 

Under motor cars the Committee includes motor cars for inspection pur- 
poses, for section gangs, bridge and extra gangs, etc. (not including motor cars 
engaged in passenger or transportation service). 

'Light work equipment includes weed mowers, adzers, power jacks, air 
compressors, electric tampers, etc. 

Heavy work equipment includes steam shovels, spreaders, cranes, crawl- 
ers, and work equipment operating on M.C.B. trucks. 

To ascertain the practice now followed by various railways, a ques- 
tionnaire was sent to one hundred and sixty officials, who are members of 
the American Railway Engineering Association, asking for information as to 
the colors of work equipment and motor cars, on the roads with which they 
are connected. 

Replies representing practically all of the larger railways in the United 
States and Canada, were received and a tabulation of the colors now in use 
and of the colors recommended for use on motor cars, light work equipment 
and heavy work equipment was made up from these replies, as follows: 



Motor Cars 

Light 

Work Equipment 

Beavy 

Work Equipment 


In 

Recofn- 

In 

Recom- 

In 

Recom- 

Color 

Use 

mended 

Use 

mended 

Use 

mended 

Red 

..32 

27 

13 

14 

21 

17 

Yellow 

..28 

31 

17 

22 

2 

5 

Green ..... 

6 

6 

1 

1 

1 

0 

Gray 

1 

1 

4 

2 

2 

1 

Black 

.. 0 

0 

11 

12 

49 

44 

Color not 
given . . . 

...14 

11 

30 

22 

IS 

13 


The designation “red” includes not only those colors that are strictly red, 
but also so-called brown colors^ such as brown mineral and box car red. 
Likewise “yeffow’* indudes all shades of yellow, from the lifter color such as 
lemon,, through the medium to the darker shades, such as orange. 



Maintenance of Way Work Equipment 


471 


The above table shows that red and yellow are the predominating colors 
now in use and recommended for use on motor cars and light work equip- 
ment with black the predominating color for heavy work equipment. 

Another source of information investigated by the Committee consisted 
of a canvass of motor car and work equipment manufacturers. The result 
of this canvass shows, with one exception, all manufacturers recommending 
the colors which they are now using, the one exception being the recom- 
mendation for the use of orange yellow, made by one manufacturer who is 
now using battleship gray. 

A tabulation of the replies from these manufacturers, when the color is 
not specified by the purchaser, shows results as follows: 

Light Heavy 

Motor Cars Work Equipment Work Equipment 

In Recom- In Recom- In Recom- 


Color Use mended Use mended Use mended 

Red 3 3 

Yellow 1 1 3 4 

Green 1 1 

Gray 3 2 3 3 


If any one color is to be adopted as recommended practice for use on 
each class of equipment covered by the subject assigned to this Committee, 
the choice of color should rest upon some justifying reason. 

Some railway officials recommend the use of a red color on motor cars 
and light equipment because it is the color of a stop signal. Others recom- 
mend the use of a yellow color because it is the color of a caution signal. 
The question at once arises as to whether or not it is desirable to make a stop 
signal of a motor car or piece of work equipment. In a very large majority 
of cases when a train approaches a motor car, or other light work equip- 
ment, the motor car or work equipmoit either is in the clear or will be before 
the train reaches it, therefore, the color of the car ceases to be a signal. In 
the few cases where such equipment is not in the dear, the operator should 
use a red flag to signal the train to stop, and unquestionably a red flag can 
be seen much more dearly against any other background than it can against 
a red background. For this reason it is the opinion of the Committee that a 
red color should not be used for motor cars or other work equipment. 

The other most favorably considered color is yellow for motor cars and 
light work equipment and the Committee bdieves a medium shade to be the 
best all around color for this purpose. The Committee appreciates that a 
first quality yellow paint will cost slightly more than the average grade of 
brown mineral or box car red paint, but thinks this small increase will be 
more than offset by the better visibility and general appearance of the equip- 
ment. The service life of the yellow paint compares favorably with the reds 
and browns. 

Black is recommended by the majority of the railwa 3 ^ for heavy work 
equipment and this seems well taken from the standpoint of general practice 
and serviceability. 

In recommending colors for use on motor cars and work equipment, the 
Com mi ttee recognizes that those metal parts of the various machines which 
are largely covered by the ends and body of the machine, or where subjected 
to considerable heat, should be painted black or some other suitable color. 

In light of the above information the Committee offers tire following 
conclusions for the predominating colors: 
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Conclusions 

The most suitable colors for use on motor cars and work equipment are 
as follows: 

For motor cars Yellow (medium chrome) 

For light work equipment Yellow (medium chrome) 

For heavy work equipment Black 

The Committee recommends the adoption of the conclusions for publica- 
tion in the Manual and that the subject be discontinued. 


Appendix I 

(14) STANDARDIZATION OF VOLTAGE AND KIND OF 
CURRENT FOR USE IN ELECTRICALLY OPERATED 
MACHINES AND TOOLS FOR ROADWAY PURPOSES 

P. R. Henderson, Chairman, Sub-Committee; O. L. Beydler, E. L. Christoph, 
J. F. Donovan, L. C. Hartley, Jack Largent, L. L. Parks, G. L. Sitton, 
F. M. Thomson. 

This subject was originally assigned to Committee XXII — Economics of 
Railway Labor, who presented a report in March, 1930. The report was 
referred back to Committee XXH — ^Economics of Railway Labor for further 
study and reassigned to this Committee by the Board of Direction. 

The former committee reporting on this subject gave the matter a great 
deal of study and the report as submitted contained the views of both 
manufacturers and users. In addition to this the Committee also had the 
benefit of the co-operation of Committee XVHI — ^Electricity, whose report on 
the subject follows: 

“It does not appear desirable to recommend definite standards at thw 
time, for the following reasons: 

“1- In general, commercial electric power is not available for oper- 
ating roadway tools. Even if available, it may be D.C. or A.C. and of 
varyir^ voltages and frequencies and number of phases. 

“2, Ordinarily, it is too^ expensive to extend special power circuits 
to supply energy for operating portable roadway tools. Even if prac- 
ticable, the form of energy would vary, as to type of current (D.C. or 
A.C.), voltage, frequency and number of phases. 

“3. Power may be available by using portable gasoline engine gen- 
erator sets, etc., but such sets are generally designed for special purposes. 

“4. On electrified railroads, jjower may be available at the voltage 
and frequency of the third rail or overhead trolley system. Such power 
may be either D.C. or 25 cycle A.C. 

“5. Different t 3 T>es of tools require different kinds of electrical energy 
for most practicable and efficient operation. 

‘There are two general considerations which control the choice of 
voltage, iffiase and frequency of electric power to be used for driving 
roadway tools, viz.: 

“1. Tbe form in whidb power is available at the points where road- 
way tools are to be used. 

"2. The type of .dectric power which is best fitted for the work to 
be done, from tbe standpoint of practical and economical design of dec- 
tncal equipment on roady^y tools. 

“Powm- from generatmg stations, or railroad sub-stations, may be 
available in one of the foEowiiig fomis: 

“US volts, single phase, A.C, 60 cycle or 25 cyde. 
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220 volts, three phase, A.C. 60 cycle or 25 cycle. 

440 volts, three phase, A.C. 60 cycle or 25 cycle. 

115 volts, direct current. 

230 volts, direct current. 

650 volts, direct current. 

“The most commonly available voltage commercially is 115 volts, 60 
cycle, single phase, alternating current. For portable hand tools requir- 
ing motors of approximately 54 H.P. or less, it is desirable to adopt 115 
volt “Universal” motors which can be operated on either alternating cur- 
rent or direct current circuits. 

“For A.C. equipment requiring motors between approximately J4 
HJP. and approximately 2 HJP. single phase, 115 volt motors are pre- 
ferable. 

“For equipment requiring motors larger than the approximately 2 
H.P. 220 volt, three phase motors are preferable, although satisfactor>" 
single phase motors up to 10 H.P. may be used, if that form of power is 
available. 

“Three-phase alternating current power at 440 volts is less common 
than at 220 volts, and it is believed that there is little reason for con- 
sidering 440 volts for roadway work. However, it is a standard 60-cycle 
voltage which is available at many points on railroads, and this form of 
power should not be excluded for special requirements. 

“Direct current distribution is becoming more and more uncommon 
but is still a standard voltage at many shops and enginehouses, so that 
a few direct current motors are now used and will be used for some 
time to come in roadway work. 

“On roadway machines equipped with self-contained power plants^ 
such as cranes, portable gasoline engine driven generator sets, etc., the 
kind and voltage of power must be determined by tbe work to b? done. 
On cranes which may be used with electric magnets, the electrical equip- 
ment preferably should be designed for 230-volt direct current- Where 
lighting only is desired, it is often desirable to use direct <mrrent turbo- 
generators, with voltages as low as 32 volts. The characteristics of ^so- 
line engine driven generators may be 2 5 -cycle alternating current of a 
suitable voltage for use with rectifiers to operate electric tie tampers and 
other portable tools, as developed by one manufacturer. Portable weld- 
ing outfits must be designed for approximately 60-70 volts direct current 

“In industrial work, it has not been found possible or desirable to 
standardize voltage and type of current, because each of the various 
forms of electric power which are in use have marked advantages over 
other forms for the particular work to be done. It is possible to work 
toward a number of standards, and the most common standards are 115 
volts, 60 -cycle, single phase, alternating current for lighting and for 
driving small motors; 220 or 440 volts, 60-cycle, three-phase alternating 
current for motors on the majority of machine tools; 230 volts direct 
current for certain variable speed madhine tools; 60- volt direct current 
for welding. 

“It does not seem practicable, for the present, to attempt to hold tc 
these same or any other standards, for the reasons outlined above.” 

It is evident from the discussion on the floor of the convention that the 
members were under the impression that the standardization of electric cur- 
rent as used in roadway machines was a matter to be settled with the manu- 
facturers of the equipment. 

It may be well to explain that the matter of standardization of electric 
current is not in the hands of the manufacturers of roadway machines and 
tools. Almost without exception they favor standardization. These manu- 
facturers are compelled to produce electric tools and machines to operate 
on the various kinds of power provided by commercial power companies as 
well as privately owned power plants. These different kinds of power vary 
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from 220 to 2200-volt, three phase, 60-cycIe or 25-cyde alternating current, 
115 volts, single phase, 60-cycle or 25-c>'cle alternating current and from 32 
volts to 650 volts direct current. 

It is, therefore, apparent that effort toward the standardization of elec- 
tric current should be directed toward the commercial power companies and 
privately owned power plants with a view of having them work to a stan- 
dard. Unfortunately this would not be practical in all cases as various kinds 
of electrically driven equipment requires various kinds of power. 

Large power motors are usually built to operate on high voltage alter- 
nating current up to 2200 volts. The reason for this is that as the voltage 
increases the amount of copper required to carry the current is decreased, thus 
effecting material savings in transmission of power. 

Small power motors carmot be designed successfully for operation on high 
voltages and are therefore usually built for operation on alternating or 
direct current, 220 volts or less. The reason for this is that the problem of 
insulation in these small motors is a difficult matter with high current on 
account of the limited space available. Small portable motors, as for example 
those used in operating drills and power saws, must be built for operation on 
low voltages not only on account of the problem of insulation but also in 
the interests of safety. 

As stated by the Committee on Electricity, the use of direct current is de- 
creasing. Variable speed motors, particularly of the larger sizes, are much 
more flexible when operated on direct current. Therefore, direct current is 
still used in a great many cases and will no doubt continue to be used in- 
stead of alternating current although the latter is easier and more economical 
to transmit. Street railways are an excellent example of the prevailing use 
of direct current. 

Motors for use on lighting circuits must be made to operate on llS volts, 
single phase, A.C, or U.C,, as these voltages are widely used. For this reason 
llS-volt A.C. single phase, 60-cycle current is fast becoming universal for 
lighting circuits and is well adapted for small motors up to 2 horsepower. 
For larger motors 220-voIt, A.C., 3 phase, 60-cycle current is more desirable, 
and efforts toward standardization of power for ordinary purposes will un- 
doubtedly be made to adopt these current characteristics. 

We win always have to contend with different power characteristics in 
connection with roadway machines and tools as certain work and certain 
m ac ht Ties require current of special characteristics, as for example certain 
machines of the impulse type where 25-cycle alternating current is essen- 
tial; 2S-cycle A.C. current is also used in operating low speed motors. 
Other purposes requiring special current characteristics are welding and 
plating as high voltages cannot be used successfully, high currents and low 
voltages being required. 

Conclusions 

(1) Electric curroit generated by commercial and' privately owned 
power plants varies widdy, ranging from 115 volts to 2200 volts, 3-phase, 
both 25 and 60-Gycle, while direct current ranges from 32 volts as used on 
passenger equipment to 650 volts direct current. 

C2) Manufacturers of electrically driven roadway machines and tools 
are in favor of standa r dization of current diaxacteristics except in tools of 
the vibrating or impidse type and electric welding. 
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(3) The voltage most commonly available commercially is llS-voIt, 60- 
cycle, single phase alternating current as used on lighting circuits, and 220- 
volt, 3-phase, 60-cycle current is most commonly lased on power circuits, 

(4) That 115-volt, single phase, 60-cycle alternating current is recom- 
mended for roadway tools and machines, 2 HP. and less, and that 220-volt, 
60-cycIe, 3-phase alternating current is recommended for machines requiring 
more than 2 H.P. 


Appendix J 

(15) BEST PRACTICE OF MAINTAINING LABOR-SAV- 
ING DEVICES ON CONSTRUCTION AND MAINTE- 
NANCE OF WAY WORK, AND THE ORGANIZATION OF 

THE NECESSARY SUPERVISORY FORCE 

C. H. R. Howe, Chairman, Sub-Committee ; J. F. Donovan, W. N. Eddens, 

R. J. Gammie, L. C. Hartley, S. L. Mapes, R. A. Morrison, S. H. 

Osborne. 

This subject was originally assigned to Committee XXII — ^Economics of 
Railway Labor, who reported on the subject March, 1930. The subject was 
referred back to the Committee by the convention and reassigned to this 
Committee by the Board of Direction. 

The chief objection to the report as submitted was based upon the 
recommendation of the Committee that the maintenance of way work equip- 
ment not covered by M.C.B. rules should be concentrated in shops entirely 
independent of the Mechanical Department and under an organization con- 
trolled by the Maintenance of Way Department, and while the report given 
below follows the same general lines as the one submitted by the former 
Committee the recommendations as to the diops have modified to con- 
form to the views of the members as expressed at the last convention. 

“The term ‘labor-saving devices’ covers many different kinds of equip- 
ment used in maintenance of way work on railroads, and applies to roadway 
machines, small tools, and work equipment, as included in the Interstate 
Commerce Commission Classification. 

“There is no weU-defined line of demarcation between Roadway Machines 
(Account 37), Small Tools (Account 38), and Work Equipment (Account 
57), as covered by the Interstate Commerce Classijfication, and as a result 
there is in aU probability a wide difference in the interpretation as to which 
account certain machines should be charged, depending largely on the judg- 
ment of the individual. 

“In maTging r recommendations as to methods of maintaining this equip- 
ment, your Committee has assumed that labor-saving devices as covered by 
the assignment refers to all equipment used in railway construction and 
maintenance, not covered by M.C.B. rules, except roadway small tools as 
classified in Account 38. 

“Tlie maintenance force on motor cars and other labor-saving equipment 
can be consolidated with few exceptibns. In many instances the existing 
force of motor car maintainers may be able to handle this work without addi- 
tional force. 



476 


Maintenance of Way Work Equipment 


“Maintenance of work equipment may be divided into three general 
classes: (1) Ordinary running repairs, or field maintenance, (2) General re- 
pairs at shops, (3) Emergency repairs due to break-downs. 

“Running repairs, or field maintenance, include proper lubrication, ad- 
justment of moving parts, packing, and renewal or replacement of minor 
parts of the machine; work which can be performed in most instances by a 
competent operator without taking the equipment out of service. 

“General repairs, or overhauling, should be necessary only at the end of 
the working season. A great deal of the work done by labor-saving equip- 
ment is seasonal, and repairs may be made at such time as will not interfere 
with operation during working season. Where equipment is used through- 
out the year it should be taken out of service for repairs at such time as will 
cause the least inconvenience or interruption to the working schedule. 

“The proper operation and maintenance of equipment in the field is an 
important factor in controlling the general repairs, as well as extending the 
periods between shoppings. Proper field maintenance will also materially 
lessen the liability of breakdowns and accidents necessitating emergency re- 
pairs. Th^ breakdowns will, of course, occur even with the most careful 
operation and field maintenance. Such failures should be anticipated so far as 
possible, and a reasonable stock of spare parts kept on hand at all times.” 

Maintenance of Way Shops Desirable 

The general practice followed in maintaining labor saving equipment 
is to establish shops under the jurisdiction of the Maintenance of Way De- 
partment. This is very desirable where there is sufficient work to justify 
the maintenance of separate shops. Labor-saving equipment consisting of the 
various types of roadway machines and tools requires men especially trained 
in maintaining internal combustion engines, automotive and electrical equip- 
ment. 

Shops under the jurisdiction of the Maintenance of Way Department also 
offer advantages in training apprentices and operators of work equipment. 
Even on the smallest railroad there is sufficient work to warrant a special 
organization for the upkeep of maintenance of way labor-saving equipment. 

Tbe method of maintaining labor-saving equipment, together with the 
organization and supervisory forces, should follow closely the general scheme 
for the m a intenance of motor cars as outlined in the report of Committee 
XXn — ^Economics of Railway Labor, pages 1020-1036, inclusive, Volume 27, 
Proceedings. 

In many instances, ^ops have already been established for maintaining 
all work equipment, and where such facilities are not provided they can be 
consolidated with existing facilities for maiT^faiTiiTigr motor cars, as where 
motor cars are maintained there is always a nucleus of an organization for 
handling all maintenance of way equipment. 

The question of proper location of shops involves two opposed prob- 
lems: (1) centralization, with long haul and delay in handTmg equipment to 
and from ^ops for repairs; and <2) decentralization, with its duplication of 
machinery and equipment and possible loss of efficiency and economy tjbrough 
the necesaty of employing specialized labor where ^ch shop is located. 

So far as m ai nta i ning labor-saving equipment alone is concerned, it will 
he diesirable to have dmps located on each grand division in order to reduce 
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supervisory force and shop equipment required. However, where there are 
sufdcient motor cars to justify, maintenance of way shops may be located 
on each division. Therefore, the same policy in regard to location of motor 
car shops for maintenance of way equipment should be followed as in the 
case of motor cars, combining the facilities where practicable. 

There are various factors to be considered in the location of these shops. 
The principal feature is the location of the work equipment, as it is desirable 
to avoid shipping the equipment any considerable distance. Other factors are, 
location of storehouses, reclamation plants, and division office. 

Tools and Equipment 

It is impossible to prepare a list of tools, machinery and other equip- 
ment essential to the maintenance of work equipment that will fit all road.'^ 
and all conditions. The list of machines and tools shown in last 3*car’s 
report, page 1321, Proceedings, 1930, will be useful in the ordinary mainte- 
nance of way shop. 

No attempt has been made to list all of the small miscellaneous hand 
tools which are common to the average motor car repair shop. These must 
be selected to meet the individual needs. Many of them are owned by re- 
pairmen. A list of .small tools for motor car repair shops is given in report of 
Committee XXII — ^Economics of Railway Labor, page 1036, Volume 27, Pro- 
ceedings. The took specified are ako adapted to use in maintaining other 
equipment. 

In selecting maintenance of way shop equipment, careful survey should 
be made of actual requirements. For example, a 24‘-inch lathe might not be 
suitable for ah shops. The same k true of a combination woodworking 
machine; although a machine of thk type can be justified in almost an}* 
division, as it k of equal value to the carpenter forces in framing lumber for 
both repairs and construction, including sash and door work. 

The proper supervisory force wiU depend upon the amount of equip- 
ment involved. For example, a 10,0CX)-mile railroad fuhy equipped with work 
equipment would require a general supervkory force consisting of a Superin- 
tendent of Work Equipment and four assktants; a 5,0CX)-mile railroad, a 
superintendent and two assktants; while on a railroad of say 2,000 miles the 
work could probably be handled by one man. In each case, sufficient of- 
fice force should be provided for keeping accurate records of maintenance and 
operation costs, and of the performance of equipment. 

It k advisable to have a traveling maintainer on each divkion, regard- 
less of whether shops are located on the division or on grand divisions. The 
number of mechanics required in the shops will depend upon the amount of 
equipment to be cared for. As a rule it will rarely be necessary to materially 
increase the existing force where motor cars are already maintained, for the 
reason that much of the work of repairing equipment can be carried out dur- 
ing the winter months when the repairs to motor cars are materially reduced. 
Where they can be used to advantage, operators should be employed in shops 
during the winter months, both in order to afford continuity of employment 
and to complete their training as operators. Adequate power-driven equip- 
ment in the rejjair shops should materially reduce the number of men re- 
quired. 
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The Superintendent of Work Equipment should report to the Engineer 
Maintenance of Way or chief system maintenance officer, and should have 
jurisdiction over the division maintenance, jointly with the Division En- 
gineer or principal division maintenance officer, and have direct jurisdiction 
over system maintenance of way shops. The headquarters should preferably 
be at the same location as the Engineer Maintenance of Way, and, as prev- 
iously stated, clerical force should be assigned as may be necessary for keep- 
ing records, cost of operation, maintenance, and performance of all equipment. 

An important feature in the success of maintaining labor-saving and 
other noaintenance equipment is the co-operation of the Supply Department. 
It is of utmost importance that an adequate stock of repair parts be readily 
accessible, preferably where shops are located. 

The adoption of labor-saving equipment by railroads has not in all cases 
been followed by the proper maintenance facilities. The maintenance of way 
shops are often inadequate, consisting of old car bodies or discarded shanties 
with very few tools and practically no equipment. It is false economy to de- 
pend upon shops of this type and the maintenance facilities should be de- 
veloped and expanded to take care of the maintenance of additional equip- 
ment as it is placed in service. In many instances it may be necessary to re- 
locate the existing shops. 

Organization charts of suggested supervisory force are shown herewith. 


Conclusions 

(1) In order to avoid interruption to working schedules and to lengthen 
the intervals between shop overhaulings, particular attention should be given 
to running repairs and field maintenance. 

(2) An adequate supervisory force should be employed to insure proper 
maintenance of work equipment, both in field and shops. 

(3) Where there is sufficient work to justify, it is preferable that the 
maintenance of equipment not covered by M.C.B. rules diould be concentrated 
in ^ops controlled by the department that is responsible for the operation of 
the equipment. 

(4) ' Careful consideration ^ihould be given to the location of these shops 
to avoid excessive haul of equipment. Where plants already exist considera- 
tion should be given to the possibility of utilizing these facilities. 

(5) These shops should be properly arranged for the work to be done 
and equipped with all necessary tools and machinery. 
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WORK EQUIPMENT MAINTENANCE ORGANIZATION 

DIVISION SHOPS I 


GENERAL MANAGER 
CHIEF ENGINEER 
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SUPERINTENDENT DISTRICT ENGINEER CLERiat FORCE 
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REPORT OF COMMITTEE XXIII— SHOPS AND 
LOCOMOTIVE TERMINALS 


L». P. KrwcBAix, Chairman ; 
C. M. Angel, 

F. C. Baltjss, 

H. I. Benjamin, 

H. E. Boardman, 

H. F. Bober, 

H. G. Dalton, 
fF. M. Davison, 

J. F. DETMT.TNG, 

R. G. Develin, 

C. T. Dike, 

A. G. Dorland, 

E. A. Dougherty, 

T. H. Gardner, 

C. E. Harris, 

A. T. Hawk, 

A. S. Ejent, 

E. E. Kimball, 

W. H. Kirkbride, 

$W. T. Krausch, 

L. H. Laitoley, 


J. M. Metcalf, Vice-Chairman; 

H. C. Lorenz, 

J. S. McBride, 

W. S. McFetridge, 

W. A. McGee, 

F. E. Morrow, 

B. M. Murdock, 

E. S. pENNEBAKER, 

H. W. Pinkerton, 

V. B. W. POULSEN, 

W. A. Radspinner, 

R. O. Rote, 

John Schofield, 
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L. K. Sn-Lcox, 
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G. I. Wright, 
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Committee. 


t Died November 21, 1930- 
t Died December 9, 1930. 


To the American Railway Engineering Assodation: 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects: 

(2) Locomotive washing platforms (Appendix A). 

(3) General layouts and design of car shops, collaborating with ap- 
propriate committees of Division V — ^Mechanical, A.RA- (Appendix B). 

(4) Inspection pits (Appendix C). 

Progress is also reported on the following subjects: 

(1) Revision of Manual. 

(5) General layouts and design of typical locomotive repair shops, 
collaborating with appropriate committees of Division V — Mechanical, AJRA. 

(6) Adapting the general layouts and design of car shops for inspecting 
and repairing multiple unit electric cars, collaborating with appropriate com- 
mittees of Division V — ^Mechanical, AJR.A. 

(7) Adapting the design of engine houses and the general layouts and 
design of typical locomotive repair ^ops for the inspection and repair of 
electric locomotives, collaborating with the appropriate committees of Division 
V — Mechanical, AE.A.. 


Action Recommended 

1. That the reports in Appaidices B and C be accepted as information. 

2. That the conclusions of the report in Appendix A be accepted for in- 
clusion in the Manual. 

Respectfully submitted, 

The Committee on Shops and Locomotive Terminals, 

L. P. Ktmbatx, Chairman. 
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Appendix A 

<2) LOCOMOTIVE WASHING PLATFORMS 

J. S. McBride, Chairman, Sub-Committee; C. M. Angel, H. E. Boardman, 

H. G. Dalton, A. G. Borland, W. T. Krausch, L. H. Laffoley, B. M. Mur- 
dock, D. E. Woozley, M. J. T. Zeeman. 

Questionnaire, relative to various features of washing platforms, was sent 
to twenty-six representative railroads and twenty-two replies were received. 
The replies of roads using washing platforms are tabulated in Exhibit A. 

These replies show varying t 5 ^es of locomotive washing platforms. Some 
roads have constructed platforms entirely for the use of workmen; some, 
solely for drainage purposes; other roads use platforms to provide for both 
workmen and drainage, still others have made no provision for either. 

Various materials have been used in the construction of platforms such as 
wood, bituminous coated crushed rock, brick and concrete. A number of 
roads using wood or bituminous coated crushed rock platforms have found 
them unsatisfactory. Other roads report the same kinds of platforms as 
satisfactory. Brick has been used only as platform outside of track. All roads 
using concrete have reported it as satisfactory. Only a small number of the 
roads reporting advise that they have adopted a standard, although others 
state that while not formally adopted as a standard platform they are using 
one platform exclusively. 

From the plans received by the Committee, those roads using platforms 
for both drainage and as a footing for workmen have made them 9 ft. to 10 .5 
ft. wide outside of the center of track. The length of platform varies from 
the length of the longest locomotive washed to a length of 25 ft. greater than 
the length of the longest locomotive. 

All roads have located their washing platforms between the cinder pit 
and turntable as it is not desirable to wash locomotives until after fires have 
been cleaned. Some roads prefer their inspection pit between washing plat- 
form and turntable. 

Most roads have provided catch-basins to keep dirt washed from loco- 
motives out of sewers. Some roads, in addition to catch-basins, use grease 
traps or oil skimmers to separate oil from sewage or to reclaim the oil. 

A majority of platfonns are lighted by floodlights, some by incan- 
descent floodlights mounted on posts and a few platforms are not lighted. 

The general practice is to house washing machines but a number of roads 
have the machines placed in the open. The machines that are housed are 
either located in an adjacent building or in a small frame or metal building, 
although one road has used stucco and concrete block buildings. 

The method of storing the oil used in the washing is about equally 
divided between storage tanks and barrels or other small containers. The 
capacity of the storage tanks varies from 600 gallons to 15,000 ^Ilons. A 
popular practice is to use tanks from old tank cars for storage purposes. 
Where storage tanks are used the oil is delivered from the tank direct to the 
washing machine. In an elevated tank the oil flows by gravity, while it must 
be pumped from underground tanks. Some roads pump oil from tank cars to 
elevated storage platforms, others make use of compressed air. In some cases 
it has been found desirable to pipe oil direct to washing machines from storage 
tanks in nearby oil houses. 
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Fig. 1, 2, 3, 4 and 5 aic plans of several types of permanent locomotive 
washing platforms that have been installed. 

The Committee recommends the following conclusions for printing in the 
Manual: 


Conclusions 

Locomotive Washing Platforms 


Type 

At important terminals, at least, where locomotives are washed, platforms 
should be provided for drainage purposes and for use of workmen. The plat- 
form should be of permanent construction, preferably concrete, with a top sur- 
face that can be readily cleaned. Any wooden ties or blocks used, to which to 
fasten the rail, should be treated timber. The surface of the platform should 
be at approximately the level of the track. 

Size 

The platform should be of sufficient size to provide for drainage and a 
footing for use of workmen. The wddth of the platform from the center of 
track should be a minimum of 9 ft. Where the washing is done on two 
adjacent tracks the platform should be continuous between tracks. The length 
of the platform should be sufficient to take care of the longest locomotive 
washed. In general, a platform about 5 ft. greater in length than the longest 
locomotive will be found satisfactory. 

Location 

The washing platform should be located between the cinder pit and the 
turntable, since the locomotive should not be washed until after the fires have 
been cleaned. 

Drainage 

The platforms should be properly sloped with a sufficient number of 
openings leading to sewers in order to remove the waste water from the plat- 
forms as soon as possible. Ample catch-basins should be provided to keep the 
dirt washed from the locomotives out of the sewer system. 

Lighting 

All platforms where locomotives are washed at night should be amply 
lighted. The method of lighting will depend somewhat upon local condi- 
tions. In some cases it can be taken care of by the general yard floo dligh tin g 
system, in others it may be necessary to use overhead incandescent lamjK 
mounted on posts at the sides of the platform and in other cases individual 
floodlights for the platform may be found dearable. 

Housing Washing Machines 

The washing machine should be housed either in an existing b uildin g near 
the washing platform or in a small building constructed for that purpose. 
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Oil Storage 

At the larger terminals a storage tank should be provided for the storage 
of the oil and the oil should be piped direct from the storage tank to the 
washing machine. At the smaller terminals the oil may be kept in barrels or 
drums and handled by hand to the machines. 




'^"c./.p g"c/p-t! 
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Appendix B 

(3) GENERAL LAYOUTS AND DESIGN OF CAR SHOPS 

J. M. Metcalf, Chairman, Sub-Committee; H. F. Bober, F. M. Davison, 
T. H. Gardner, C. E. Harris, J. S. McBride, John Schofield, L. K. Sillcox, 
H. W. Williams. 


FREIGHT CAR SHOPS 

This subject was discussed by this Committee in its reports to the 1921 
and 1925 conventions of the Association. In 1921 the general requirements 
for car shop layouts were discussed and plans of a number of recently con- 
structed shops were submitted with brief descriptions of outstanding charac- 
teristics. The 1925 report included further study of the principles which 
should govern shop design, and the recommendations with respect to clear- 
ances and other general features of layout and construction which now appear 
in the Manual. The Committee this year has endeavored to bring this matter 
down to date by consideration of the developments since the last report w'as 
made. 

The Committee of the Mechanical Division, A.RA., on Design of Shops 
and Engine Terminals, in its reports for 1926 and 1927 discussed freight car 
^op design, giving attention espedaUy to the so-called progressive move- 
ment system for repairing cars, a development of comparatively recent years, 
the advantages of which for heavy repairs were brought out by this Com- 
mittee in its 1925 report. The increasing use of this progressive system, and 
design of shops to accommodate it, have been among the outstanding develop- 
ments of car shop construction in the past ten years. 

A layout plan for use with the progressive system for heavy repairs to 
steel and composite cars, recommended by the Mechanical Division Co mmi ttee, 
is shown as Fig. 1. This plan is for a so-called single end shop. It con- 
templates progressive movement through the shop on the central or stripping 
tracks, shifting by transfer table to the outgoing tracks, and return in the 
opposite direction, the various operations being performed at the different 
stages or “spots” during this progress. Such a plan requires less room Xor 
trackage than a double-end arrangement, and has the advantage that the re- 
turn through the shop makes possible the repair of the parts taken from a 
car during the stripping and their later reapplication on the return trip with 
minimum labor and inconvenience in ha ndl ing. Advocates of the double end 
shop, on the other hand, contend that a continuous movement throug^i the 
shop in one direction permits a more convenient arrangement for progressive 
movements in the initial and finishing operations, such as stripping, sand- 
blasting, painting and weighing, and has other advantages over the reverse 
movement. Many prefer it, and a number of recent shops have been con- 
structed on that plan. 

The following conclusions with regard to operation of the progressive sys- 
tem are drawn by the Mechanical Division Committee: 

1. The progressive system has many advantages over the practice 

of faking cars into the shop as they come, regardless of service, class 
or kind of repairs needed. . ^ 

2. The progressive system will reduce the cost of repairs as ail 
Tnatfxri'al required for any operation can be handled in bulk to the 
point where the operation is performed. 
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3. The quality of the work performed will be improved due to 
the fact that each man will become a specialist on some particular 
operation. 

4. The supervision required will be reduced and the output of 
any shop will be increased, other conditions being equal. 

5. To operate the progressive system successfully necessitates 
shopping at one time a large number of cars of the same service and 
requiring the same general class of repairs. 

On basis of information as to practice in a number of such shops, the 
Mechanical Division Committee has outlined a program for progressive move- 
ment of cars including nine positions for all steel cars, seven for composite or 
wood cars, as follows: 

1- Stripping — often performed outside or in a separate stripping shed. 

2. Repairing trucks. In some shops trucks are removed and sent to 
a truck repair shop, car moving through shop on “dolly” trucks, 
and repaired trucks being placed under it as it leaves the shcp. 

3. Repairing frames. 

4. Applying steel siding and end sheets, fitting and bolting in place, 
and reaming holes. 

5. Riveting. 

(Note: With composite or wood cars, positions 4 and S are 
often omitted, or work done at position 3.) 

6. Applying floors, siding and all other parts below roof. 

7. Applying roofs, running boards and doors. 

8. Applying air brakes and safety appliances. 

9. Painting and stencilling. 

At one large shop recently constructed, primarily for work on steel coal 
cars, the separation of the various operations is carried further and eighteen 
positions and operations are designated. Preparatory’ to designing this shop, 
an elaborate study was made of the time and organization necessary for each 
operation, to produce the desired output of completed cars. In this way the 
number of employees and total time required for each operation and the car 
standing space to be provided for the corresponding position were de- 
termined. Such a study is essential to rational designing of a shop for 
progressive operation, as upon it depend the track space to be provided and 
the convenient arrangement of machinery and other facilities to produce the 
desired output. 

Increased ■ general use of overhead cranes has been a feature of design in 
recent shops, particularly those planned for repair of all-steel and composite 
cars. An interesting development is the extension of crane runways through 
an end of the shop building and extending under a transverse crane as shown 
in photograph, Fig. 2, of Russell, Kentucky, shop of the Chesapeake & Ohio. 

Another comparatively novel feature has been the elimination from some 
layouts of all material tracks. In such cases a concrete or other hard surfaced 
pavement is provided throughout the shop and movements of material are 
made altogether by truck and trailer and by crane. 

A wide variation in design and layout, to fit local conditions, class of 
cars to be handled and character of work to be done, is indicated by follow- 
ing descriptions of recent shops. 

Pennsylvania Railroad. — Shops for heavy repair to steel cars, built on 
same general design at Enola (Harrisburg), Pa., and at Pitcairn, Pa., designed 
for progressive system, bad-order cars to alter at one end, and leave at the 
other fuUy repaired and ready for paint shop. Caiiacity approximately 33 
cars per day. 
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Rivet cutting ^ed, 200 ft. by 36 ft. 8^4 inches, covering two tracks on 
16 ft. centers, and with lean-to SS ft. by IS ft. for housing electrical equipment. 

Main car shop building 100 ft. by 620 ft. served by three iS-ton traveling 
cranes, of full width of building and operating throughout its length and 140 
feet over outside extension. Three incoming tracks, two of them those which 
serve the rivet cutting shed, extend into the tear-down end of the shop, on 16 
ft. centers. At this end there are also 3-50 ft. truck storage tracks and a 
truck repair track 110 ft. long. In the other end of the shop are three set 
up tracks 325 ft. long, on 20 ft. and 34 ft. centers, and one short scrap track. 
Of&ce, storeroom, lavatory and lunch room facilities are housed in brick and 
concrete building adjoining and connected directly to shop building. 



Fig, 2 — Outside Cranes at Russeix, Ky., Car Shops ok the 
Chesapeake & Ohio Railway 


Denver & Rio Grande Western. — Similarly designed shop layout at Den- 
ver and Salt I.ake City include separate buildings for wood car and steel car 
repairs, on opposite sides of a transfer table. 

Steel car shop, 65 ft, by 242 ft. is served by two tracks, along the sides 
of the building, running through the shop and a shorter stub track for bring- 
ing in material between them at one end. Two 15-ton overhead traveling 
cranes span the building- 

Wood car shop 65 ft. by 240 ft. has three tracks lengthwise through the 
building, oie center one of which is for truck repair work only. 

Southern Railway.— Car repair shop, part of complete mechanical lay- 
out at Birmingham, 107 ft. by 598 ft., three bays 38 ft, 40 ft. 10 inches and 
26 ft- with two tracks in each of the first two and one track in the third bay. 
Two 20-ton crante serve the second bay, and two 15-ton cranes the third. 
Machine shop addition Si ft. by 158 ft adjoins the center section. Tracks are 
connected at both ends. 
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Elgin, Joliet & Eastern. — Steel car repair shop at Joliet, HI. Seven 
bays, each 42 ft. 10 in. wide, two 325 ft. long, one 450 ft. long, and four 500 
ft. long. In the first three bays are five standard gage tracks connected 
through at each end to yard leads, with narrow gage tracks in alternate in- 
tervals. In the last three bays are six standard gage stub end tracks, similarly 
served by narrow gage material tracks. Six-ton traveling cranes operate 
through the length of each bay. 

Reading. — ^Freight car repair shop at Reading, Pa., 235 ft. by 880 ft. 
Main unit 235 ft. wide served by 8 tracks on 25 ft. centers, -vith lean-to 100 
ft. wide for blacksmith shop, machine shop, air brake repair room, lumber 
storage, bench room and wood mill. Concrete floor throughout the buildmg, 
level with tops of rails and entirely enclosing tracks except rail heads and 
flangeways. Exterior pairs of tracks are served by 50-ton overhead cranes, 
others by 25-ton cranes. 

Florida East Coast. — Freight car shop at St. Augustine, Fla. Designed 
for progressive movement of cars from inspection to re-weighing. After in- 
spection and marking, cars pass through a four track stripping shed 192 ft. 
long, and thence into the main shop. The first spot in the shop is in a 
transverse bay, housing the four tracks which extend through from the 
stripping shed, and served by a 50-ton, 4 hook gap crane. Trucks are removed 
and while they are being worked on repairs of sills, frames and draft gear are 
completed. Re-assembled on its trucks, on one of two parallel tracks, the car 
moves through the remainder of the shop which is of longitudinal design. 
Decking, sheathing, lining, roofi^, doors, safety appliances, and air brakes 
are here applied in five spot positions. The car then passes on into the paint 
shop, an extension of the same building served by the same two tracks, and 
thenoe to scales for weighing ready to return to service. 

Canadian Pacific. — Freight car repair shop at Winnipeg, constructed 
1928. Extension, 305 ft. by 328 ft. of an existing shop. Eight tracks on 22 
and 24 ft. centers, all connected at both ends. All floors mastic on concrete, 
with concrete runway outside on three sides of building, connecting with 
general scheme of runways covering all shops and stores. Designed par- 
ticularly with view to handling material with electric trucks. 15-ton electric 
travding cranes over two of the four track bays, and 5 -ton crane over 80 ft. 
machine, mill and blacksmith bay. 

Chicago, Rock Island & Pacific. — Steel car repair shops at Chicago, 
lU. (Fig. 3) and El Reno, Okla. Chicago shop 75 ft. by 500 ft., constructed 
1928; El Reno of same general design, but 400 ft. long, constructed 1929. 
Three tracks on 25 ft. centers, with narrow gage material tracks between them. 
iS-ton cranes spanning entire width of buildmg, and with runway extending 
200 ft. outside the budding at the Chicago shop. 

Chicago, Milwaukee, St. Paul & Pacific. — ^Freight car repair shop at 
Milwaukee, Wis. (Fig. 4) constructed 1929, 196 ft. by 1,000 ft. One bay 72.5 
ft. wide and two each 60.5 ft. wide, each served by 15-ton crane. Three tracks 
on 24 ft. centers in first bay, two on 40 ft. centere in center bay, and two on 
28 ft. centers in third bay. Most of the stripping to be done outside, but 
provision for two cars inside for stripping during inclement weather. 300 feet 
of opposite end of shop partitioned off for paint spraying and di^ng, ^d 
number of tracks increased to ten, on 14 and 16 ft. centers, in this ^tion. 
Entire space between tracks floored with concrete so that it is accessible to 
trucks. 

Chesapeake & Ohio. — Steel coal car shop at Russell, Ky., planned for an 
output of 40 cars per day. 

Rivet burning shop 80 ft. by 200 ft,, housing three tracks, two for stand- 
ing cars being stripped, the third for loading scrap, which is removed and 
loaded by overhead crane equipped with lifting magnet. 

Main erecting shop, two hays each 80 feet by 750 feet, with l^n-to 80 
ft. by 75 ft., for blacksmith and fitting up shop, and 90 ft. by 100 ft. for 
truck shop. Each of the two main bays is served by two 15-ton overhead 



g Narrow Oitffo Tracks j Turntsbie 






Freight Car Repair Shop-- Chic ago, Milwaukee ^ Sr. Paul dP PActnc R R 
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electric traveling cranes and each contains three through tracks. The cranes 
extend outside the building at one end under a 15-ton transverse crane. 

Paint shop 90 feet by 675 feet, contains 5 tracks, and provision also for 
air brake and pipe work, to be applied while paint is drying. 

Canadian National. — ^Plans for new shop being developed. It is pro- 
posed to place both freight and passenger car shops under one roof, adjoining 
on opposite sides a central bay which serves both, and includes all auxilliary 
shops, such as wood mill, blacksmith, air brake and electrical shops. Freight 
car shop to be 865 ft. by 192 ft., with eight longitudinal tracks, served in 
groups of two and three by 30-ton and 20-ton cranes. Shop designed for 
progressive movement, with five “spots,” three cars to the “spot” on each 
track. 

The conclusions adopted in 1925 and now appearing in the Manual, cover 
wen the general requirements of design, and no changes or additions are 
recommended at this time. 

Fire Sapeguards in Paint Shops 

Fire hazards, always present in connection with storage and application 
of paints, varnishes, etc., are materially increased by the spraying process, now 
in general use in railroad car painting shops, and are especially acute where 
pyroxylin lacquers and finishes are used. In design and operation of paint 
shops the safeguarding against these hazards should be given careful attention. 

For information as to best practice in such design and operation to 
provide protection against fire, attention is directed to the recommendations 
of the Railway Fire Protection Association, as printed in the handbook of that 
Association, and to publications of the National Fire Protection Association, 
issued in pamphlet form, on “The Spray Application of Flammable Finishing 
Materials,” reprinted from the Association's Quarterly of April, 1928; “Regula- 
tions for Paint Spraying and Spray Booths” and “Pyroxylin Finishes, Their 
Use, and Suggestions for Safeguarding the Attendant Hazard.” 
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Appendix C 

(4) INSPECTION PITS 

H. C. Lorei^, Chairman, Sub-Committee; F. C. Baluss, H- I, Benjamin, 
C. T. Dike, A. S. Kent, L H. Laffoley, W. S. McFetridge, E. S. Penne- 
baker, R. O. Rote, M. J. T. Zeeman. 

Location 

Outside locomotive inspection pits are generally located near the turn- 
table or just beyond the coal dock and are installed to save engine time at 
the engindiouse. Inspection is made and report sent to the foreman, who is 
then able to assemble material and be ready to proceed with repairs upon 
arrival of engine at the enginehouse. They are also installed at pomts where 
inspection and light repairs are made at the pit (there being no enginehouse) . 

General Practice 

A study of the practice of seventeen representative railroads of this 
country reveals that only seven of them used outside inspection pits, one 
does preliminary inspection where conveyor type cinder pit is used, and the 
remainder do the inspection at the enginehouse. 

General Desigpi and Operation 

Locomotive inspection pits should preferably be constructed of reinforced 
concrete. They may vary in length from 40 feet to 120 feet, depending upon 
the length of the longest locomotive to be inspected. Pit depths varying from 
2J4 feet to 454 feet, with provision for drainage, afford satisfactory operation. 
Stairways should be constructed in the pit either at the ends or near the 
center for convenience of entering and leaving the pit. In some of the 
larger pits now in service, tunnels connect the pit and the inspector's office 
located nearby. It is general practice to light pits by electricity, either by 
placing the lights in recesses constructed in the wall, or by service outlets into 
which a portable electric light may be plugged. Some roads provide pro- 
tection from the weather by constructing dieds over the pits, but of the roads 
studied in compiling this report, most of them do not provide this shdter. 
Where inspection pits are used in connection with other enginehouse facilities 
it is desirable to provide direct communication between the pit and the 
enginehouse by installation of either telephone or a pneumatic tube system. 
Fig. 1 will illustrate the general construction of a modem inspection pit, 
connected by tunnel to the inspection office and which may be connected by 
pneumatic tube to the enginehouse. 


Recommendations 

It is the recommendation of the Committee that inspection pits should 
be of reinforced concrete construction, well drained, electrically lighted in 
such manner as to avoid too much glare and too strong shadows, and that 
the pit be located beyond the coal dock, so as to permit sufficient time to 
elax>se betwe^ inspection and arrival of the locomotive at the enginehouse, in 
order that necessary material may be assembled for repairs to be proceeded 
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with upon arrival of the locomotive in the house. The Committee is not dis- 
posed to make recommendations concerning size of pit, shelter or means of 
communication with points outside the pit, as these are questions which 
must be determined by local conditions. 
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REPORT OF COMMITTEE XI— RECORDS 
AND ACCOUNTS 


C. C. Haire, Chairman; 
E. Y. Allen, 

Anton Anderson, 

R. G. Bowie, 

R- R. L. Bullard, 

E. S. Butler, 

E. B. Crane, 

W. F. Cummings, 

T. F. Darden, 

W, J. Foster, 

C. J. Geyer, 

J. H. Hands, 

C. R. Harte, 
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H. L. Rdpley, 

E. F. Salisbury, 

Hans Schantl, 
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James Stephenson, 
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Y. Uemura, 
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H. R. Westcott, 

A. P. Weymouth, 

K. G. Williams, 

Louis Wolf, 

W- H. Woodbury, 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects: 

(1) Revision of Manual. — The Committee reports progress and is mak- 
ing survey of material in Manual to determine needed revisions, as well as 
to develop information that should be added in order to have a comprehen- 
sive text boojc in the field of records and accounts. 

(2) Changes or revisions in I.C.C. Classification of Accounts. — ^Thc In- 
terstate Commerce Commission has not announced a new or revised Classi- 
fication of Accounts during the year so the Committee has nothing to report. 

(3) Methods and forms for gathering the data for keeping up-to-date 
the valuation and other records of the property of railways with respect to: 

(a) Changes made necessary by government regulations. 

(b) Simplicity and practicability of use. (Appendix A). 

(4) Methods and forms for handling the Interstate Commerce Commis- 
sion’s requirements under Order IS 100 — ^Depredation Charges of Steam Rail- 
way Companies (Appendix B). 

(5) Methods for avoiding duplication of effort and for simplifying and 
co-ordinating work under the requir^nents of the Interstate Commerce Com- 
mission with respect to accounting, valuation and depreciation (Appendix C). 

(6) Statistical requirements of the accounting, operating or other depart- 
ments with respect to maintenance of way and structures, coDaborating with 
appropriate committees. — ^The Committee reports progress in its investiga- 
tion of the subject, but due to apparent overlap of assign m ent with other 
committees, it has been deemed inadvisable to proceed further until there is 
worked out more definite collaboration. 
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(7) Forms used by railway water service departments, collaborating with 
Committee XIII — ^Water Service and Sanitation (Appendix D). 

(8) Accounting for industry tracks in its relation to ownership and 
contract provisions, collaborating with Committee XX— Uniform General Con- 
tract Forms (Appendix E). 

(9) Methods and forms: 

(a) For maintaining a record of railway, highway and private grade 
crossings, collaborating with Committee IX — Grade Crossings. 

(b) For making annual reports of grade crossinp added or eliminated, 

collaborating with Committee IX — Grade Crossings. 

The Committee has prepared a tentative report covering the second sub- 
ject (b) of its assignment, but is withholding the report until Committee IX — 
Grade Crossings, has completed such investigation as is needed before colla- 
boration. 

(10) Methods and forms for maintaining a record of changes in jointly 
owned interlocking plants, with respect to ownership and contract provisions, 
collaborating with Committee X — Signals and Interlocking (Appendix F). 

(11) Use of mechanical devices for accounting (Appendix G). 

(12) Bibliography on subjects pertaining to Records and Accounts, ap- 
pearing in current periodicals (Appendix H). 

(13) Bridge inspection report forms, collaborating with Committees VII 
— ^Wooden Bridges and Trestles, VIII — ^Masonry, XII — Rules and Organiza- 
tion, and XV— Iron and Steel Structures (Appendix I), 

(14) Methods used in recapture proceedings (Appendix J). 

Action Recommended 

(1) That the reports on subjects 1, 2, 4, 5, 12 and 14 be received as 
information and the subjects continued. 

(2) That the reports on subjects 3, 6, 7, 9, 10 and 13 be received as 
progress reports and the subjects continued. 

(3) That the reports on subjects 8 and 11 be received as information 
and the subjects discontinued. 

Respectfully submitted, 

The Committee on Records and Accounts, 

C. C. Haire, Chairman, 
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Appendix A 

(3) METHODS AND FORMS FOR GATHERING THE DATA 
FOR KEEPING UP-TO-DATE THE VALUATION AND 
OTHER RECORDS OF THE PROPERTY OF RAILWAYS 
WITH RESPECT TO: 

(a) Changes made necessary by government regulations. 

(b) Simplicity and practicability of use. 

B. A. Bertenshaw, Chairman, Sub-Committee; E. Y. Allen, R. G. Bowie, 
Alfred Holmead, W. W. James, W. R. Kettenring, W. T. Mead, H. L. 
RestaU, H, L. Ripley, E. F. Salisbury, James Stephenson, J. W. Webster, 
Louis Wolf, W. H. Woodbury. 

DEFINITIONS OF TERMS 

Additions. — ^Additional facilities, such as additional equipment, tracks, build- 
ings, bridges and other structures, and additions to such facilities. 

Accounting Adjustment. — ^A restating of an amount in the accounts of a 
railway by changing the amount or transferring to another account or 
accounts. 

Accounting Report. — ^A statement compiled and published by the Interstate 
Commerce Commission, showing the financial history of a railway and a 
re-statement of its accounts as of a stated date of valuation. 

Authority for Expenditure. — ^A n authorization made in writing by an 
executive officer of the railway management authorizing an expenditure 
to create, purchase, change or retire certain physical property, setting 
forth in detail the description, reasons, estimated costs and financial effect 
of the project. 

Betterment. — ^Improvement of an existing facility through the substitution of 
superior parts for inferior parts retir^. 

Budget. — A statement giving recommended projects and their estimated cost 
to be undertaken for a definite period or a forecast of income or expendi- 
tures for a given period. 

Carrier (adj.) — Applicable to physical property of a railway and other assets 
used in or held for transportation service. 

Carrier (noun) — A corporate company, owner of physical property and other 
assets used in or hdd for transportation service. 

Chart. — A delineation or statement in graphical form. 

Cost. — ^The outlay incurred in acquiring, creating, operating or maintaining a 
property, induding the money value of the services rendered and other 
considerations involved. 

Engineering Report. — ^A statement compiled and published by the Interstate 
Commerce Commission, showing the physical property of a railway (ex- 
cept “Land”), classified according to ownersMp and use by units, unit 
prices and totals, purporting to give the cost of Reproduction New and 
Reproduction Less Depreciation of a railway at a given date of valuation. 

Equipment. — ^Rolling stock, floating equipmait and highway vehides devoted 
to common carrier’s service. 

Equipment Completion Report^ — A record prescribed by Valuation Order 
No. 3, Second Revised Issue, showing for equi^nnent detailed informa- 
tion with respect to additional units placed in service, withdrawals there- 
from, additions and betterments thereto, and the costs chargeable and 
creditable to the accounts of the carrier as a result thereof. 

Facility, — A portion of the property capable of rendering a specific service. 

Federal, Valuation. — ^The survey and reports following a mandate of Con- 
gress designated as Section 19a of the Interstate Commerce Act, requir- 
ing the Commission to investigate, ascertain and report the value of aH 
the property owned or used by every common carrier subject to the 
provisions of the Interstate Commerce Act. 
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FIxVal Valuation. — The value for ratc-maldng purposes found by the Inter- 
state Commerce Commission in pursuance of its work under Section 19a 
of the Interstate Commerce Act. 

Fixed Property. — Property of immovable nature or incapable of a change in 
location without reconstruction, either in whole or in part ; property which 
may not be used except in a fixed location. 

Gross Charge.— A sum on the debit side, representing the entire amount or 
total of the charges resulting from any transactions before credits are 
deducted. 

Gross Credit. — ^A sum representing the entire amount or total of credits re- 
sulting from any transactions before debits are deducted. 

Gross Cost. — ^The total outlay incurred in any transaction, including the 
money value of services rendered and other considerations involved before 
credits are deducted. 

Index Number. — ^T he ratio between the price of a unit of property as of a 
given date and the price of the same property as of a fixed date. 

Income Account. — ^The account showing the net amount of money received, 
or the deficit for services rendered by a railway, including returns from 
investments. Operating Revenues and other sources of income are credit 
accounts and Operating Expenses, Taxes and other similar costs are debit 
accounts. 

Inventory (noun) — ^Records showing material, supplies and other assets of 
a railway at end of any given period. 

Inventory (verb) — ^The act of counting and recording material, supplies or 
other property of a railway. 

Investment Account. — See Investment in Road and Equipment. 

Investment in Road and Equipment.— The account in transportation ac- 
counting to which the cost of all carrier property and changes in carrier 
property is debited or credited. 

Joint Facility. — ^Railway property which two or more carriers either jointly 
own, maintain or operate by formal agreement. 

Land Report. — A statement compiled and published by the Interstate Com- 
merce Commission, showing a detail of the land and non-carrier improve- 
ments owned by a railway and purporting to show the value as of a stated 
date, indicating the property used for transportation purposes and other- 
wise. 

Ledger Value. — ^The value at which the property is carried in the Property 
Investment Account of the carrier. 

Net Charge. — ^A sum on the debit side, representing the entire amount or 
total of the charges resulting from any transactions after credits are 
deducted. 

Net Credit. — A sum representing the entire amount or total of the credits 
resulting from any transactions after debits are deducted. 

Non-Carrier. — Applicable to physical property and other assets of a railway 
neither used nor held for transportation service. 

Operating^ ExpENSEs.-~The expenditures of a railway for furnishing trans- 
portation service, including expenditures for maintaining the carrier prop- 
erty used in service. 

Operating Expenses — MAiNTENANcrE op Way and Structures. — ^The expen- 
ditures of a railway for maintenance, repairs and depreciation of property 
devoted to oi>erations except equipment and shop and power plant 
machinery. 

Operatotg Expenses — Maintenance op Equipment. — ^The expenditures of a 
railway for maintenance, repairs and depreciation of equipment and shop 
and power plant machmery. 

Oreratesto EpQPENSES — TRANSPORTATION POR INVESTMENT. — Cr. — ^Thc amount 
representing the cost to a railway for transporting men, materials and 
equupxoenit for construction, work, which is credited to thig account in 
O^rattng Expenses and charged to the Investment Account. 

OPEKATTNh Expenses — Water Line.— ;-Th,e expenditures of a railway for trans- 
porting persons and freight by water Hnes, induding water terminal ex- 
penses. 
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OPERATpro Expenses — ^Transportation Rail Line. — ^The exp^ditures for 
train service by a railway for transporting persons and freight including 
station, yard and terminal service. 

Operating Expenses — General. — ^The expenditures of a railway for general 
administration, accounting, law, real estate, daizn, relief, pensions and ex- 
pense not directly assignable to other phases of railway operating ex- 
penses. 

Operating Expenses — ^Trapeic. — The e^enditures of a railway for advertis- 
ing, soliciting and securing traffic, including the publication and distribu- 
tion of tariffs. 

Operating Expenses — ^Miscellaneous Operations. — The expenditures of a 
railway for dining cars, hotels, restaurants, grain elevators, stock yards 
and other miscellaneous operations. 

Original Cost to Date. — ^The cost of original construction plus all costs in- 
curred thereafter for improvements, less credits for property retired. 

Payroll (noun) — A list of persons or employees showing amoimt earned for 
services performed. 

Payroll (adj.) — ^Applicable to expenditures in railway accounts resulting from 
the cost of labor. 

Price Trend. — The general course or direction of price changes over a ^ven 
period of time, related to a fixed base. They may be expressed by index 
numbers or diagram. 

Primary Account. — ^A mandatory, designated subdivision of a general ac- 
count in railway accounting required by the Interstate Commerce Com- 
mission. 

pROPiLE. — A longitudinal section throu^ a work or section of country to 
show the elevations and depressions. 

Proett and Loss. — A subdivision of. railway accounts in which to record 
transactions which result in gains and losses from all operations. 

Project. — A scheme or plan for creating or changing physic^ property. 

Property Change. — ^Any change in the physical property. 

Property Replaced. — An accounting unit of property which is taken out of 
service and replaced with another. 

Replacement. — Act of replacing some previously existing facility with prop- 
erty to serve a like purpose. 

Retirement. — Act of removing property which for any reason is taken out 
of service for which it was created or installed; fixed property moved 
from one valuation section to another. 

Retirement Entry. — An amount credited to the Investment Account as the 
ledger value for a unit of property taken out of transportation service. 

Roadway Compietion Report. — A report required by Interstate Commerce 
Commission, Valuation Order No. 3, Second Revfeed Issue, to show for 
each project the detailed changes in ph3^cal property by units and costs, 
as induded in the Road Accounts. 

Salvage. — The appraised value of material recovered from property retired 
or from property after use as a coDStruction aid. 

Tentative Valuation. — A tentative report by the Interstate Commerce Com- 
mission to Congress on each common carrier, made pursuant to Section 
19a of the Interstate Commerce Act, setting forth ^ the Commission’s 
tentative findings of fact, as ^>ecified by law, and its findings of the 
value for rate-m;^king purposes of property owned or used by such com- 
mon carriet for common carrier purposes, and certain other information 
prescribed by law on its non-carrier property, served upon each common 
carrier owning or using any part of sueffi common carrier property, and 
upon certain other parties specified by law, as a basis for receiving testi- 
mony and hearing argument from all interested parties concerning a 
final report by the Commission to Congress of its findings of such facts 
and values for such common carrier. 

Unit Cost. — The cost of any sdected unit of property. 

Val^iation Ohder No. 3. — An Order of the Interstate Commerce Commission 
to enable it to cos^y wiih the provisions of paragraph if). Section 19a 
of the Interstate Cdtomerpe AicL It prescribes a uniform s^tem for re- 
cording and reposing changes in the physical property of every common 
carrier subject to the act to regulatie commerce. 

A 
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Voucher. — A record of pa 5 anent used in the railway industry that indicates 

in detail and by proof the entire history of the transaction. 

Valuation Records. — ^Records of a nature to show the money value of the 

component parts of railroad proi>erty and evidence of methods and data 

used in determining such costs and value. 

The above dehnitions of terms, with the e-xception of “Index Number*’ 
and “Price Trend,” have been previously presented to the Association and are 
recommended for inclusion in the Manual. 

(a)-l. Methods and Forms for Bringing Land Valuations to a 

Later Date 

On June 12, 1928, the Interstate Commerce Commission approved the 
“Outline of Plan for Bringing Land Valuations to December 31, 1927, and 
Such Other Date or Dates as may be Fixed by the Director of Valuation.” 

This “Outline of Plan” is set out under ten Sections, as follows: 

1. Determination and Elimination of Properties which will not require 
reappraisal. 

2. Mai^. 

3. Carrier’s co-operation in the accumulation of sales data. 

4. Joint verification of sales data. 

5. Agreement as to Zoning. 

6. Independent fixing of units of value. 

7. Agreements as to area, classification, etc. 

8. Establishment of local headquarters. 

9. Other valuation orders. 

10. Co-ordination with recapture work. 

(1) The plan sets out that there are parts of properties which are of 
relatively small importance compared with the total value of the lands used, 
and that there are also properties or parts of property in which there has 
beoa. no substantial change in value since the original value was placed on 
these properties. The railroads are accordingly asked to indicate those parts 
of their properties in which there has been no substantial change in value and 
therefore complete reappraisals not justified. 

Some railroads extend throu^ a more or less congested section of the 
country in such a way that a large portion of their total land “Value” is in- 
duded within dties or towns. For such a railroad the “value” of rural lands 
is of little importance in the total valuation, 'vdiile other railroads may have a 
very large part of their land “value” made up of rural property. In any 
event, a careful study diould be made of the entire system to identify the 
locaiioiis of the most valuable property. This study wiH indicate the percent- 
ages of land “value” in rural sections and in the most important cities and 
towns. It win also furnish important data for determining which sections are 
most important to reappraise and which ones may be eliminated. 

(2) If the railroads have complied with the I.C.C. orders relating to 
maps vdiich provide that they shall keep available reproductions of Ae maps 
prepared for tibe or i g in al valuation work and keep them current by posting 
changes in property subsequent to the date of valuation, it becomes an easy 
mattear to famish the necessary for assembling the data for reappraisal. 

(3) , (4), (5) and (6) It is the Bureau of Valuation’s plan in bringing 
land valuations to a later date to follow ; the same general procedure as was 
used in the original valuations. The principal exception is that the Carriers’ 
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and Bureau’s appraisers are to agree as to certain facts concerning sales of 
adjacent land prior to the establishment of Zone units of “value.” Prac- 
tically the same amount of work as was previously required is still necessary 
and entails the detailed investigation and analysis of data for each individual 
Zone. 

The hrst step in the appraisal work consists of making an examination 
of the County Records for sales and assessments. The sales information 



secured from these records is entered in pendl on a memorandum Form, Ex- 
hibit 1, size inches by 854 inches. This size is convenient for pads and 
for banHling in the field. The information is then transcribed with type- 
writer on a Supplemental Sales Sheet, Exhibit 2, size 854 inches by 11 inches, 
one sheet of each of these exhibits being made for each sale. 

All of the sales data within a Zone is next listed on a Form “Summary 
of Sales Data,” Exhibit 3, size 854 inches by 11 inches. As supporting in- 
formation to the sales a Form, Exhibit 4, size 854 inches by 11 inches, lists 
the “Assessed Value of Adjoining and Adjacent Land.” These two Forms col- 
lect in convenient shape the information to be used by the appraiser in ar- 
riving at the proper unit value to be assigned to the property within the Zoilq> 

Tn order to obtain additional information on sales over that secured from 
the County Records, letters may be sent to the Grantor and Grantee in ques- 
tionnaire form, which will develop whether or not the recorded consideration 
was actual con^deration and other facts or conditions that may have had 
an influence on the sales price. Mary” appraisers prefer to obtain this in- 
formation by making personal calls. 

After having studied the data and arrived at a proper unit value, this 
unit value is next recorded on a Form, Exhibit 5, and the major portion of this 
form is given over to a detailed esqxlanation of how the unit value was de- 
rived' ' Any other supporting data ^hkh cannot be recorded on the fore- 
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going forms, such as opinions of **value” given by local men, may be recorded 
here. If there is more than one of land in a Zone there will be a corre- 
sponding number of unit values by classes and a similar number of explana- 
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Ezhibit 6 is a summary by classes of land of all property in a Zone, by 
years. For the sake of brevity the numbers corresponding to the classes of 
land have been used for columnar headings which ard as follows: 

Class 1 — ^Lands owned and used by the owner for its purposes as a 
common carrier. 

Class 2-1 — ^Lands used by the carrier for its purposes as su(h but 
owned or leased by other common carriers. 
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Class 2-2 — ^Lands used by the carrier for its purposes as such, but 
owned by parties other than common carrier. 

Class 3-1 — Lands owned by carrier but used exclusively by another 
carrier or carriers for common carrier purposes. 

Class 3-2 — ^Lands leased by carrier, but us^ exclusively by another 
carrier or other carriers for common carrier purposes. 

Class 4 — ^Non-carrier lands owned, including value of improvements 
owned by carrier. 

Exhibit 6 is designed for handling “Carrier*’ property only, but if de- 
sired, a similar form for handling “Non-Carrier” property may be made or an 
additional column placed on this form with heading “4” if it is not desirable 
to have an additional form. 

Exhibit 7 is a valuation section summary of all Zones by years of all 
classes of land. This is merely a summation on one sheet of all Exhibit 6 
sheets in a valuation section. 

(7) This section provides for the continuation of the present plan for 
diq>osing of, by conference or correspondence, questions arising as to computa- 
tions of area, classification of land, etc. 

(8) Provides for the establishment of Ideal headquarters and, for the 
sake of uniformity and efficiency, the retention of the same appraisers until 
all the land in their territory has been appraised. 

(9) This section states that subschedules have been provided under sup- 
plements to Valuation Order No. 3, showing details of the acquisition of land 
parcels, similar to those supplied by returns to Valuation Order No. 7. It 
also contains another interesting feature as follows: “Some modifiication of 
the requirements of Order No. 15 may be necessary in order to classify lands 
leased to private parties in accordance with recent instructions within the 
Bureau. Consideration should, however, be given to i>ending proposals as to 
the revision of the Commission’s accounting requirements in accordance with 
which rents received by Carriers for incidental private or semi-private use 
of their property will be classified as operating revenues, presumably with 
approval of a carrier classification for many items of property now set up as 
non-carrier. Such a change in the prescribed accounting procedure woxdd ap- 
parently affect the whole basis of the instructions now r^^arded as governing 
and would, in great measure at least, obviate the need of returns to Order 
No. IS.” 

(10) This section provides that “the land section will, concurrently with 
the work of bringing valuations to date, make the necessary appraisals for 
prospective recapture cases,” 

It is stated above that the Bureau’s plan in bringing land valuations to a 
later date is to fofiow the same general procedure as was used in the original 
valuations. The principal feature of this procedure is that the raiTrinad land 
is appraised by comparison with so-called similar adjacent land. While 
forms su<h as those described above have been designed to accumulate the 
facts in convenient form, the judgment of the appraiser mu st relied upon 
to produce accurate results. 

The railroads, while not agreeing that the Bureau’s method is correct, 
have for the sake of co-operarion vrith the Bureau, generally adopted the 
Bureau’s method. This assumes that most adjacent land is similar in general 
character to that contained in the li^it-of-way whidi is divided into zones^ the 
zone being determined by differences in ‘Sralue” of the adjacent lands. 
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Conclusions 

The appraisal of land cannot be reduced to an exact formula and it is im- 
possible, therefore, to obtain results with mathematical precision. The “per- 
sonal equation** is always in evidence and instances where the results ob- 
tained by the Bureau and the railroads are in exact agreement are few. For 
this reason co-operation as outlined by the I.C.C. is desirable in order to 
e limin ate as far as possible all questions as to fact. It is also evident that the 
railroads should entrust this work only to men of mature judgment and ex- 
perience who will be able to correctly interpret the facts and TrtaTrp. proper 
application of them in arriving at unit “values.** 

(a) -2. Forms 

Section No. 6 of Supplement No. S to Valuation Order No. 3 requires in 
the compilation of B.V. Form 588, retirements to be subdivided so as to show 
separately property retired that was included in the basic valuation reports 
and property retired that has been installed since date of inventory. 

The Roadway Completion Report, Form 1117, shown on page 724 of 
the Manual, was designed prior to such requirement and therefore no pro- 
vision was made for the above separation of property retired. 

This separation of retirements ^ould now be shown on the Roadway 
Completion Report so as to be carried through the Record of Property 
Changes and on B.V. Form 588. The Committee has accordingly designed 
a form for Roadway Completion Report — Fxhibit 8, and Continuation Sheet — 
Exhibit 9, on which provisions have been made to show tills additional in- 
formation. 

The Committee also presents two forms for Roadway Machines and 
Shop Machinery which have been revised so as to conveniently furnish in- 
formation needed to comply with Supplement No. 5 to Valuation Order No. 
3, Second Revised Issue, and other information useful to the railroad. 
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Exhibit 10 is a record of Roadway Machines, inches by 11 incdies. 
These machines are to be recorded according to kind, such as Motor Cars, 
Concrete Mixers, etc. Exhibit 11 is a Record of Shop Machinery, 8J4 inches 
by 11 inches in size. There will be only one machine recorded on a dieet. 
The sheets may be kept in machine number order or by location and kinds 
of as desired. 

These forms have not been su£6dently tested out to warrant their adop- 
tion, and are presented as information. 
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(b)-l. Use of Price Trends 

It frequently becomes necessary to make an appraisal or valuation of a 
railroad property, or a portion of a railroad, as of a given date. Subse- 
quent to the World War there has been a wide fluctuation in prices, some 
items having a wider range than others. In order to make an accurate valua- 
tion, therefore, it is necessary to develop unit prices as of the date under 
consideration for each item of property to be valued. If, however, such a 
degree of accuracy is not necessary an approximate result may be obtained by 
the use of Price Trends or Index Numbers. 

Quite a number of sets of Price Indices or Index Numbers have been' 
developed which show the ratio of costs or prices as of a given date to the 
costs or prices as of a fixed date used as a base. Of recent years the year 
1914 is most often used as the fixed date and prices of that year taken as the 
base. 

Exhibit No. 12, which is presented for illustrative purposes only, shows 
graphically three sets of Price Indices, or Index Numbers, for the years 1914 
to 1928 inclusive, tising the year 1914 as a base or 100 per cent. Line 1 shows 
the variation in wholesale prices of “All Commodities” based on data in 
Bulletins of the Bureau of Labor Statistics and includes about SSO commodi- 
ties. Line 2 represents railroad construction costs (except land) as developed 
by the Bureau of Valuation, I.C.C., for territory east of the Mississippi 
River and north of the Ohio and Potomac Rivers, except New England. Line 
3 represents railroad construction costs (except land) as developed by the 
Cost Data Committee of the Pittsburgh-Chicago District — ^Presidents’ Con- 
ference Committee. 

To make practical use of “Price Trends” it is, of course, necessary to 
first either develop a set of Index Numbers from data at hand or to select 
Index Numbers compiled by others that best fit or apply to price changes on 
the property under consideration. It then remains only to find the cost of the 
property as of the fixed date and multiply this cost by the Index Number as 
of the date desired. For sake of illustration, let us assume that it is desired 
to estimate the cost of constructing a section of railroad in 1926, and for this 
purpose we will select Line 3 on the Chart. We will find the cost of this 
section as of the year 1914 and multiply it by the Index Number for the 
year 1926 — 1.82. Similarly, if the cost is known for any year and the ap- 
proximate cost is wanted for some other year, it may be fotmd by applying 
the ratios of the Index Numbers for the two years under consideration. For 
example, the cost of a property is known as of the year 1919 and it is de- 
sired to know what it would cost to construct the same property in 1925. The 
Index Number for 1919 is 2.07 and for 1925 it is 1.76. The cost in 1925 
would bear the samej ratio to the cost in 1919> as 1.76 bears to 2.07, or 85 
per cent. 

The railroads and various organizations have developed Index Numbers 
for the different investment accounts sudi as Account 3 — Grading, Account 6 — 
Bridges, Trestles and Culverts, Account 51 — Steam Locomotives, etc. Index 
Numbers have also been devdoped for the principal items in an Account, as 
for example, for common excavation, loose rock and solid rock in Account 
3 — Grading, and for plain concrete, reinforced concrete, timber and structural 
steel in Account 6 — ^Bridges, Trestles and Culverts. 
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The Index Number for an Account is composite, developed by applying 
the Index Number for the various items that make up the Accoimt against the 
ratio or per cent that each item bears to the total. Similarly, the Index Num- 
ber for an entire railroad is developed by applying the Index Number of the 
individual Accounts against the ratio or per cent that each Account bears to 
the total. Whether the Index Number for the individual item, for a group 
of similar items, for the Account, or for the entire property is to be used in 
making an estimate, depends upon the degree of approximation that wHl be 
satisfactory. 

(b)-2. Simplified Method of Reporting Account No. 10 — Other 
Track Material 

The amount of work involved in recording and reporting changes in each 
item in Account 10 — Other Trade Material — ^is out of all proportion to the 
importance of the Account, since the total of the Account is a very small per- 
centage of the total cost of Accounts 1 and 3 to 77 inclusive. The Com- 
mittee has therefore made a study in an effort to find some short method of 
handling the items in this Account that will produce sufBciently accurate 
results- 

The foUowing methods have been suggested and given study: 

1. Method recommended in memorandum submitted by Presidents’ 
Conference Committee, Circular Communication No. lS04-Ch., 
dated September 28, 1928. 

2. Typing of Track by classes and weights of material. 

3. Use of single unit price for retirements — ^weighted average price per 
cwt. of all new material. 

4. Use of two unit prices for retirements — one, a weighted average 
price per cwt., for all new frog and switch material, and a second 
unit price for all other new material in the Account. 

Sufficient tests have not been made to enable the drawing of any con- 
clusions and this subject will be continued for study next year. 


Appendix B 

(4) METHODS AND FORMS FOR HANDLING THE INTER- 
STATE COMMERCE COMMISSION’S REQUIREMENTS 
UNDER ORDER NO. 15100 — DEPRECIATION CHARGES 
OF STEAM RAILWAY COMPANIES 

W R Kettenring, Chairman, Sub-Committee; B. A. Bertenshaw, E. S. 
Butler, T. F. Darden, C. J. Geyer, C. R, Harte, W. W. James, Henry 
Lehn, W. T. Mead, J. T. Powers, F. C. Sharood, G. R. Walsh, and Louis 
Wolf. 

The Committee’s report of last year recorded the issuance of the Pro- 
posed Report by Interstate Commerce Commissioner Eastman, dated August 
15, 1929, and contained a comparison of that report witii the Order of Novem- 
ber 2, 1926. 

In accordance with the directions contained in the letter transmitting 
the Proposed Report, hearings were held in November, 1929, and counsel for 
the Presidents’ Conference Committee filed statement of exceptions and 
brief. This was followed by oral argument on December S and 6, 1929. 
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While it is understood that this subject is still under consideration by the 
Commission, no modification of the Order of November 2, 1926, has been is- 
sued to October 31, 1930. 

No detailed work has been done by the Committee pending action by the 
Commission. 


Appendix C 

(5) METHODS OF AVOIDING DUPLICATION OF EFFORT 
AND FOR SIMPLIFYING AND CO-ORDINATING WORK 
UNDER THE REQUIREMENTS OF THE INTERSTATE 
COMMERCE COMMISSION WITH RESPECT TO AC- 
COUNTING, VALUATION AND DEPRECIATION 

F. C. Sharood, Chairman, Sub- Committee; E. Y. Allen, T. F. Darden, C. C. 
Haire, W. R. Kettenring, Alfred Holmead, C. A. Elnowles, H. L. Restall, 
H. L. Ripley, E. F. Salisbury, J. H. Hande, Chas. Sflliman, James 
Stephenson. 

This assignment is a new one. The accounting and depreciation orders of 
the Commission are now being revised, their precise form is not known and 
therefore this report is submitted as subject to change when the final orders 
of the Commission are promulgated. 

The require m ents of the Interstate Commerce Commission dealt with in 
this report are those which affect the work of carriers in accounting for and 
reporting expenditures for physical property installed and cost of physical 
property retired. 

The Bureaus of the Interstate Commerce Commission which have to do 
with these matters are: 

Bureau of Accoimts 

Bureau of Accounts — ^Depredation Section 
Bureau of Valuation — Accounting Section 
Bureau of Finance 
Bureau of Statistics 

The Bureau of Accounts formulates the rules governing the accounting 
for this class of expenditures which have been issued in the form of an order 
of the Co mmis s i on styled Classifi c ation of Investment in Road and Equipment. 
The rules in this clas s ific ation are the bases for determining the accounting 
for all transactions involving the acquisition or retirement of physical prop- 
erty. The accotmtihg in the dassification now in effect, is upon two bases — 
one^ the retired and replaced basis and the other the betterment basis. The 
and sepiaced basis is 02 >e by which the whole cost of the new prop- 
erty installed is charged to the Investment Account, and the whole cost of 
property retired is cred it ed thereto. The betterment basis is one where only 
the excess cost of r^jlacing material installed over the cost of replacing in 
kind the m ate ri a l retired, is charged to the Investment A(u:ount. The re- 
mainder of the cost of a betterment project is chargeable to Operating Ex- 
penses. The Bureau of Accounts does not require carriers to reports to 

it, nor does not prescribe a system of records, but confine its work to fwaking 
periodical checks of the recards of the several carriers a-i id to inter- 

pretations of the rules in the dassification. 
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The Depredation Section of the Bureau of Accounts has issued a tentative 
plan for accruing depreciation on certain classes of property the cost of which 
is carried in the accounts prescribed in the Classification of Investment in 
Road and Equipment. That plan does not recognize the betterment basis of 
accounting but requires that all accounts be stated on the retired and replaced 
basis. The Section does not in its plan prescribe any system of records but 
does require that the lives of units be recorded as well as their cost. 

The Bureau of Valuation has issued an order known as Valuation Order 
No. 3, with sundry supplements thereto the administration of which is now 
in the Accounting Section of that Bureau. The order which deals with units 
as well as costs, prescribes a list of units and a system of records to be kept 
and reports to be rendered to the Commission. The costs to be reported under 
this order are those recorded under the rules prescribed in the Investment in 
Road and Equipment Classification, except that the order requires that con- 
sequential items accounted for on the betterment basis, be restated to the re- 
tired and replaced basis. 

The Bureau of Finance has issued an order covering the form of reports 
to be rendered in coimection with all applications for permission to issue 
securities or for certificates of necessity and convenience in coimection with 
the construction of new lines, the acquisition of existing lines or the abandon- 
ment of existing lines. The reports required by the order of the Bureau of 
Finance are to be based upon the costs recorded under the rules prescribed in 
the Classification issued by the Bureau of Accounts but in a form different 
from those prescribed in Order No. 3 of the Bureau of Valuation. For 
example: The Form B.V. 588 required by Supplement 5 to Order No. 3, is a 
report upon which is stated the units and their cost installed and the units 
and their cost retired in coimection with projects completed during the year 
for which the report is rendered. This report is made by valuation sections 
for land and roadway property, and by accounts for equipment. This report 
ignores individual authorities for expenditure in most instances. The report re- 
quired by the Bureau of Finance must be made by individual authorities for 
expenditure without reference to Valuation Sections, must ^ow the expendi- 
ture for each authority and for completed projects there must be furnished a 
copy of the completion report, and for uncompleted projects a copy of the 
authority for expenditure must be fumidied. This differMW» in form of re- 
ports requires the keeping of separate sets of collection sheets in order to meet 
the requirements of two Bureaus of the same regulatory body. 

The Bureau of Statistics does not issue any instructions or orders with 
respect to the keeping of accounts or records, but does issue a form of report 
in which the results obtained by the appKcation of rules prescribed in the 
classification of the Bureau of Accounts are set fo^. In Schedules 211, 211L 
and 211E, the accounting results are reported. The form of this rejwrt is 
different from the reports required by the other Bureaus dealing with the same 
subject in that the Bureau of Statistics requires a statement of the year’s wort 
by primary accounts divided between consbuction of new lines and additions 
and betterments to existing lines, the latter being divided further as between 
gross cost of new work incurred during the reporting year, gross cost of 
property retired during the currait year and corrections made during the cur- 
rent year which affect either additions or retirements in previous years. This 
requxremenb^injects a tiraid of records for leeoiding increases and decreases 
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in the Investment account. The Bureau of Statistics also requires the report- 
ing in Schedules 411 to 421, inclusive, SlO to 516, inclusive, and 491, certain 
physical facts in connection with the operations of the carrier during the 
year. This requirement necessitates the keeping of records of certain units 
separate and distinct from those required by Order No. 3 of the Bureau of 
Valuation. 

Thus we have four bureaus of the Commission and a section of one of 
those Bureaus issuin g orders or requiring reports on the one subject Invest- 
ment in Road and Equipment, and no effective means devised as yet on the 
part of any one of the five to co-ordinate their varying requirements. Some 
efforts are being made, however, to co-ordinate the Classification of Invest- 
ment in Road and Equipment, the rules in the Depreciation Order and Order 
No. 3 requirements, by eliminating the betterment basis of accounting, but the 
results of those efforts have not as yet been available to carriers. 

Co-ordination of the varying requirements of the several Bureaus of the 
Commission will, without doubt, have the effect of lessening the cost and 
simplifying the keeping of records by carriers. There has been a unanimous 
opinion expressed by aU carrier representatives, that economy and simphcity 
in this work is desirable but there has not been any unity of views as to 
how this simplification should be accomplished. Your Sub-Committee has 
offered preliminary suggestions to valuation and accounting representatives 
of various carriers, but few constructive suggestions have been received. The 
officials of carriers charged with the keeping of valuation have one viewpoint 
while the representatives of the accounting departments have another view- 
point, in most instances these viewpoints are at great variance. 

Before any effective action can be taken in presenting this subject to the 
Commission, it will be necessary for carriers to secure harmony in their own 
ranks. This result may possibly be obtained by concerted action by a com- 
mittee composed of representatives of the Presidents' Conference Committee, 
the Railway Accoimting Officers Association, and the American Railway En- 
gineeiing Association. At present the responsibility for conducting valuation 
work is lodged with the Presidents' Conference Committee who are also under 
direction of the Executives' Association handling the matter of depreciation, 
while the accounting work is being handled by the Railway Accounting 
Officers Association. The American Railway Engineering Association includes 
in its membership a large group of men who are attempting to make practical 
application of the varying and sometimes conflicting requirements of the Com- 
mission and who are responsible for the cost of the work. Several attempts 
have been made in the past to bring the thought of these three organiza- 
tions along the same general lines, but as yet nothing has been accomplished 
which resulted in the elimination of work or the lessening of costs. 

It is the recommendation of this Committee that this subject be con- 
tinued and given the earnest consideration of the membership of this Associa- 
tion. Constructive suggestions by any of the members of the Association who 
are interested, are invited and if sent to the Chairman of this Committee, will 
be studied during the coming year. 
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Appendix D 

(7) FORMS USED BY RAILWAY WATER SERVICE DE- 
PARTMENTS, COLLABORATING WITH COMMITTEE 

XIII— WATER SERVICE AND SANITATION 

D. C. Teal, Chairman, Sub-Committee; R. R. L. Bullard, E. W. Metcalf, 

H. L. Restall, E. F. Salisbury, Hans Schantl, W. H. Heimerdinger, D. W. 

Smith, J. T. Vitt, T. W. Tu, Y. Uemura. 

Four forms dealing with water station records are now shown in the 
1929 Manual, as follows: Form 1301 on page 955 — ^Pumper’s Daily Report, 
Form 1302 on page 956 — Statement of Cost of Pumping Water, Form 1303 on 
page 957 — Water Station Record, and Form 1304 on page 958 — Geological 
Record of Deep Wells. 

These forms were adopted by the Association in 1909. Since that time 
many changes have been made in the organization of Railway Water Service 
departments and in the methods of pumping water. 

In the pursuance of the assignment copies of present-day water service 
forms have been procured from most of the larger carriers of the country. 

Analization and study of the various forms have resulted in the following 
general classification of forms now being used by Railway Water Service Or- 
ganizations: 

(1) Monthly and Yearly Report of Cost of Producing and Treating 
Water. 

(2) Pumpers and Treating Plant Operators Daily Report. 

(3) Water Station Record. 

(4) Geological Record of Deep Wells. 

Comparing the above list with the ones now included in the Manual it is 
obvious that Qla-ss 1, “Monthly and Yearly Report of Cost of Producing and 
Treating Water” can be considered an up-to-date version of Manual Form 
No. 1302, that Class 2, “Pumpers and Treating Plant Oi)erators Daily Re- 
port” is for the same purpose as Manual Form No. 1301, that Class 3, “Water 
Station Equipment Record,” covers the same ground as Manu a l Form No. 
1303, and that Class 4, “Geological Record of Deep WeDs” is the same as Man- 
ual Form No. 1304. 

The Committee has selected the first dass as the most important of the 
list, and has designed a form covering the subject “Cost of Water Produc- 
tion” to suit the needs of present-day water service organizations. This fonn 
is presented herewith as Exhibit “A,” with the understanding that supporting 
forms for this record are to be designed and submitted, after final approval of 
the cost record form. 


Cost of Water Production 

This form is designed to be a permanent record of the cost of wato pro- 
ducUon, and as sudi to be kept in the headquarters of the ofadal having 
diarge of the water supply for division or system. 

The title “Cost of Water Production” is beKeved to cover the subj^ in- 
tended, adequately. The form as designed can be adapted to record ^ 
stations of a division or sub-division, by month or by year, or to record m- 
dividual stations by month, Cohuxms 1 to 10, inclusive, cover necessary and 




DIVISION, MONTH OF THE NORTH AND SOUTH RAILROAD EXHIBIT "A" 

OK 

STATION _4DIVI3ION C03T0F WATER PRODUCTION. PORM 1302 REVISED 
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pertment information regarding water station in question. Columns 11 to 
20, inclusive, cover cost of operation, Columns 21 to 26, inclusive, cover cost 
of maintenance, Columns 27 to 37, cost of treatment. Column 38, total cost of 
water production and Columns 39 to 42, inclusive, are for the unit cost per 
thousand gallon for operation, maintenance, treatment and total. 

Inasmuch as some railroads do not treat their water, that portion of the 
form relative to treatment can be left out if not wanted. 

The form should be printed to conform to stanrlard size of the company 
using, and can be made up of two individual ^eets, or the record can be kept 
in a loose leaf book, with headings printed on both sides of the form. 

This form supersedes form 1302 now in the Manual, and is believed to be 
adapted to present-day water service organization. 

Form No. 1302 — ^Revised is presented to the Association this year as in- 
formation. 


Appendix £ 

(8) STUDY AND REPORT ON ACCOUNTING FOR INDUS- 
TRY TRACKS IN ITS RELATION TO OWNERSHIP AND 
CONTRACT PROVISIONS, COLLABORATING WITH 
COMMITTEE XX— UNIFORM GENERAL CONTRACT 
FORMS 

James Stephenson, Chairman, Sub-Committee; Anton Anderson, E. S. Butler, 
E. B. Crane, W. F. Cummings, C. A. Knowles, G. R. Walsh, J. W. Web- 
ster, A. P. Weymouth, K. G. Williams. 

This Sub-Committee has, during the past year, made further study of the 
above assignmait and have concluded that the progress report as submitted 
last year, which is to be found in Vol. 31 of the Proceedings at pages 925-936 
is in the main satisfactory. After considerable study and discussion the Com- 
mittee recommends that the subject matter as printed at page 928 under 
Section 6 — ^Accounting, be eliminated and the following substituted therefor. 

(6) Accounting 

(a) Accumulate cost in a suspense account and bill industry. 

(b) The cost of that part of track owned by the carrier, whether or not 
paid for by it, should be charged to property investment account. If all or 
any part of this cost is home by others the amount ^ould be capitalized as a 
Donation. The amount subject to refimd to the industry should be set up in a 
liability account, which account should be diarged with refunds as made. 
Any unrefunded balance remaining at expiration of the contract ^ould be 
credited to Profit and Loss as a Donation. 

(c) Accumulate cost of maintenance in a suspense account and bill in- 
dustry periodically. 


Couchision 

With the approval of the above substitution the Committee recom- 
mends that the report be accepted as information. 
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Appendix F 

(10) METHODS AND FORMS FOR MAINTAINING A REC- 
ORD OF CHANGES IN JOINTLY OWNED INTERLOCK- 
ING PLANTS, WITH RESPECT TO OWNERSHIP AND 
CONTRACT PROVISIONS, COLLABORATING WITH 
COMMITTEE X— SIGNALS AND INTERLOCKING 

A. P. Wejonouth, Chairman, Sub-Committee; B. A. Bertenshaw, A. Ander- 
son, R. R. L. Bullard, E. S. Butler, W. S McFetridge, J. T. Powers, 
Chas. SiUiman. 

This is a new assignment this year, and there are many factors entering 
into the subject of interest to Signal Engineers, Valuation Engineers, and to 
other branches of railway engineering. 

In the past, a large percentage of contracts covering jointly owned or 
used interlocking plants were silent on ownership, as the parties preparing the 
agreements were interested primarily in maintenance and operation, together 
with the obligations of the participating companies as to renewals or addi- 
tions. As valuation of the railroads has developed, complications in these 
features have arisen since the carriers could not agree in all cases among them- 
selves on ownership- For the basic valuation, the usual method of deter mining 
ownership by the railroads was, in the absence of contract provisions, the 
proportion paid by each interested company. Since valuation date, numerous 
changes may have been made in an Interlocking plant by one or more car- 
riers, which would affect the physical property of only the carrier making the 
change, and these changes tend to further complicate the question of owner- 
ship of the total facility. 

The contractual provisions required for the purpose of prescribing the 
division of expense between carriers for operation and maintenance can be- 
determined on some arbitrary basis such as the number of functions used 
by each carrier, buti percentages representing those arbitrary proportions may 
be out of step with the investment or agreed ownership in those plants. The 
contention has been made by signal men that the percentages used for dividing 
the Operating Expenses for operating and maintaining interlocking plants 
need not necessarily conform with the ownership as represented by the re- 
spective investment of the several carriers, or with the percentages found for 
valuation purposes. 

Few carriers have attempted to keep their records of ownership in joint 
interlo ck i ng plants up to date. As of the date of valuation, carriers established 
ownership of joint interlockings largely on contractual provisions or “for 
valuation purposes only” based usually on investment and in the event of a 
disagreement between the interested carriers, the Bureau of Valuation used the 
property line basis. The valuation of the I.C.C. allocated to each carrier a 
proportionate value in the facilities. Subsequent to the valuation date changes 
in the joint interlocking probably change the ownership unless the contract 
provides specifically for joint participation in all additions or retirements, 
thereby maintaining the integrity of the original o^vjmerskip base. If the con- 
tract does not so provide then, unless the carriers elect to participate jointly 
in all changes, the ownership will change, and the revised ownership can be on 
the “Dollar Unit Basis,” or the “Property Unit Basis ” 
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It should be impressed upon all carriers that owner^p be stated definitely 
in every contract. 

Existing contracts must, of course, be respected in matters of ownership, 
and new contracts will be a matter of agreement between interested parties. 

It has been stated that the fact that a carrier paid for a joint interlock- 
ing plant does not indicate, nor perhaps tend to indicate that it owns the joint 
plant. The I.C.C. attorneys have consistently maintained in valuation mat- 
ters that ownership does not in any way depend upon who paid for the 
property and many disputes have resulted. Many Valuation Engineers have 
agreed with each other that for valuation purposes only joint interlockings 
were owned in certain proportions as they did not wish to disturb existing 
contracts. Also for valuation purposes there has been established in some 
cases a method of equating changes subsequent to valuation date to the 1910- 
1914 price level. It would appear then that there may be several kinds of 
ownership: “contractual,” “for valuation purposes only,” or “for maintenance 
or for operation.” 


Suggested Methods 

There are various methods that are being used, and that mky be followed, 
in handling matters of ownership and the changing percentages of ownership 
due to alterations by one or more carriers in joint plants. For example, the 
“investment method” whereby the actual expenditure on the plant is recorded 
starting with the equity assigned to each carrier as of date of valuation and 
following through the cost of changes, either additions or retirements, made by 
each interested carrier, and thus arriving at a new set of percentages for any 
given date. This method gives no weight to the varying value of the dollars 
invested in the plant by the respective carriers at different periods since date 
of valuation. 

Another method used is to perpetuate each owning carrier’s so-called 
equity at 1910-1914 unit prices by using adjustment unit values, which may 
be approved by the Bureau of Valuation, and thus like installations by 
different carriers will receive the same values for use in detemfining division 
of ownership. The record of jointly owned property on this basis would start 
out with the basic engineering report “r^roduction— new” value as set up in 
adjustment units divided by the percentage of ownership as shown in the basic 
report. Following this the record is built up by AF’.E.’s using the 1910-1914 
reproduction value of units added or retired. As of any desired date, the 
equity of eadi carrier at 1910-1914 prices from the adjustment units may be ^ 
shown, resulting in percentages of division of ownership. 

Another miethod that might be followed when one road’s investment is in 
terms of, say the 1914 dollar, and the participating owner’s investment is in 
terms of, say the 1927 doHar, would be to express the 1914 investment m 
terms of 1927 monetary value by the use of price trends and thus obtain 
new figures r^resenting the relative equity of the respective carriers, from 
which new percentages of division of ownership as of the later date, in this 
case 1927, would result. 

The AJRA. Signal Section Manual contains in ports 86, 87, and 20^ 
various guides and tsrpical forms for establidiing the division of ownership 
of jmntly owned interlocking plants on a functional unit basis. Tim method 
is extensive used by many roads and shouH be given careful consideratioii. 
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In the AJi£A. Manual of 1929 there appears a form of Agreement for 
Interlocking Plants, which clearly shows the investment basis as the method 
for establishing ownership. It is very likely that the legal aspect of this 
matter woxild be that investment by the carriers should govern in determin- 
ing the ownership. 


Conclusion 

This being a new assignment, the report is submitted as one of progress, 
and the recommendation made that the subject be continued for further study, 
in collaboration with Committee X — Signals and Interlocking. 


Appendix G 

<11) USE OF MECHANICAL DEVICES FOR ACCOUNTING 

John T. Powers, Chairman, Sub-Committee ; B. A. Bertenshaw, C. C. Haire, 
J. H. Hande, C. A. Knowles, F. C. Sharood and Y. Uemura. 

This is a new assignment and is a report of information only. 

Mechanical devices or accessories used in engineering accounting offices 
such as tyiJewriteis, adding, dictating machines, slide rules, time clocks, check 
protectors and others are considered as auxiliary clerical aids and are not dis^ 
cussed here. In this report we will confine ourselves to some history and to 
m achi n es used in bookkeeping, accounting and the compilation and recording 
of statistics. 


SOME HISTORY OF FIGXHIES 

When man first began to figure he wrote out words to illustrate his num- 
bers. Then the Greeks devised the plan of having the first letter of the word 
illustrate the number Thus D (A) comes from the Greek word for ten (deka) 
from which we get “dedmaL” The Roman numeral system followed a giTniiar 
piindple. The Syrians and Hebrews used the twenty-two letters of their 
alifitabet to represent numbers. The Phoenicians had two methods. They 
either wrote out numbers in words or used vertical marks for units hori- 
zontal m a rk s for te n s. The Arabs abandoned the use of number words in the 
eighth century and adopted the system used by the Hindus, who shortened 
their number words down to the first letters. The Western Arabs modified 
this even further and devised what are known as Gubar (dust) numerals 
which arc the ancestors of our modem numerals. Our system of placing our 
numbers so that we read 55 as fifty-five, not 5 plus 5 — owes its origin to the 
Hindus. The Babylonians wmie their numerals with a pointed stki or stylus 
on soft day tablets. The marks made by the point of the stylus are like 
ano^eads or wedges. The numaals thus written are called “cuneiform” 
numerals from the Latin “cuneus” (wedge). The mark by the other 

end or blunt end of the stylus formed a drde, just as it would if you pressed 
the wrong end of a pencil into the day. By pressing with only one side of the 
blunt end, a crescent was formed. These dides and crescents are called 
“Curvilinear** numerals. When the Babylonians kept accounts they used 
cuneiform numerals to denote debits and curviliiiear numenils to denote 
credits, somewhat as we use black and red mk in account books today. 
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Once man began to write down figures, it was not long before he began to 
calculate. As trade grew, systems were devised for larger numbers. The 
decimal sjrstem was one of these. It was the general favorite because it had 
as its basis che fact that man has ten fingers and ten toes and that he used 
these in his early counting. Some systems such as the Babylonians had sixty 
as their basis while the Aztecs used twenty. So the Eskimos and the Ameri- 
can Indians of the West Coast today count by twenty, using the sum of their 
fingers and toes as a basis. In this way large sums can be represented by 
simple addition. The Israelites, though rated unusually intelligent people, con- 
fined their counting to low numbers, using addition to denote large numbers. 
Thus they spoke of the average life of man as three score years and ten, be- 
cause it was easier to count twenty (a score) three times and then add half a 
score (10) than it was to count up to seventy - 

Ages ago, man’s inventive genius turned to ways and means of saving 
head work in the tedious process of figuring. The ancient Arabs and Romans 
were just as eager to find ways of saving time and labor as are our inventors 
today. As trading grew more complicated some lazy genius invented a way to 
avoid keeping figures in his head or having to scratch them on tablets of clay. 
He invented a board, covered with dust, on which he could trace figures, draw 
columns and work with pebbles. Probably he was an Arab as this dust 
board was called ABACUS, from the Arabian word “Abaq” (pronoimced 
Abacue) meaning “dust.” The blackboard of the modem school room pos- 
sibly is derived from the old primitive dust board. The early Greek bankers 
and Romans made an abacus of stone provided with grooves in which small 
stones called “Calculi” moved up and down. From thdr “Calculi” we derive 
our word “calculate.” 

The Chinese developed, and even today use the wooden abacus as you 
may see in some Chinese shops. The proprietor does his figuring on it and 
keeps his books with the familiar ink brudi. Even earlier than the abacus 
were the “sangi” or number rods still used for computing by the Koreans and 
Japanese. These rods, though not us«i in the same way, are a reminder of 
the tally system in vogue in England from the time of "William the Con- 
queror to as late as Charles H. "When a man owed money he would record 
the amount by cutting notches in a stick called a tally stock. He would give 
the stick to his creditors. Sometimes dishonest creditors would cut extra 
notches before they presented the tally stock for payment. So the system was 
changed. After the notches were made the tally was split down the middle. 
The notches on the creditor’s half then had to correspond to the notches on 
the debtor’s half. Hence the verb “to tally,” and its use in such examples 
as: “His figures don’t tally” and “Your idea tallies with mine.” Banks kept 
records of deposits by the tally ssrstem. Their depositors hdd tally stocks 
corresponding to those in the bank. From this came the modem word “^sto^- 
holder.” 

The system of accounting records established in England was about 

the of the preparation of the historical Domesday Book, namely, a record 
of taxable property, about llCXl. The idea of the double entry bookke^ing 
prindple is said to have been ori^nated by a native of Holland and first 
used in Italy about 1S40. We are told that Roman numer^ were generally 
used because the courts did not recognize other mediods of keeping records as 
legal evidence. 
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From that time xintil the advent of the adding, calculating, bookkeeping, 
billing and punch card machines practically all calculating and accounting was 
done by manual pen and mental processes. Perhaps that explains why more 
reliable statistics of earlier years are not now available. 

In comparison to the development of machinery in construction and 
manufacturing and the use of mechanical devices in commercial accounting, the 
progress has been slow in connection with the use of mechanical devices in 
railroad engineering ofhces. 

Mechanical aids are of great and increasing importance. The clerical 
efficiency in many offices could be increased materially by the installation of 
accounting and statistical machines and the proper supervision of the work 
done upon them. We do not say that nothing should be done by hand which 
can be done by a machine, for the cost must be considered. The judicious 
use of mechanical appliances reduces to a minimum the number of actual 
calculations to be performed by higher salaried employes, minimizes errors and 
facilitates the rendering of reports and statements needed by executives when 
they are news, not history. 

CALCULATING MACHINES 

Calculating machines are divided into two distinct classes; the key driven 
and the crank operated. 

When the keys of the direct key-driven machine (such as Burroughs and 
Comptometer) are depressed, the value of the keys is added and the total 
appears immediately in the dials. 

The crank operated (such as Monroe, Mercedes, Marchant, Millionaire and 
Brunsviga, etc.) may be sub-divided into key sets and lever sets machines. 

The crank-operated machine provides for the setting-up of the amount 
on the key-board and turning the amount into the dials by means of a crank 
or a toudh bar in case of electrically operated models. 

In the case of the lever set machines the amount is set up by mfia-n*; of a 
lever and turned into the dials by means of a crank. 

The process of arriving at answers to problems in addition, subtraction, 
multiplication and division varies in the different types of machines. The 
key-driven type of machine requires skilled operators and considerable train- 
ing is ne cessar y to obtain maximum efficiency on this type of machine. The 
Burroughs Company, however, are now manufacturing an electric machine of 
this type which, it is claimed, will produce more accurate results quicker with 
a far shorter training i^eriod. 

T!he craiik-operated type of machine does not require skilled operators. 

Therefore, it is necessary on deciding on a particular type of calculating 
mac Ain e to analyze the jBgure work to find out the relative amount of time 
spent on the four branches of arithmetic. 

It should be determined whether the operation is a simple one or a com- 
plicated one; how fast the madimes can woric and how many kinds of figure 
work they can do ; how durable th^r are, and the cost. 

It ffiouM he determined whether the'machine is to be used by all of the 
clerks in the office, or, only one skilled operator. 

Speed is one of the important con^erations in the selection of a calculat- 
ing machine. The construction of some machines perrmts greater speed than 
others. 
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The characteristics of the key-driven machines are; 

Full keyboard, answer dials located below the keyboard and a lever or 
motor bar at the side which clears the dial. The capacity of the machines 
vary from 6 to 20 banks. 

The principles involved in this class of calculator are that multiplication 
and division are performed as variations of additions and subtractions. 

The characteristics of the crank-operated calculators — ^key-set calculators 

are: 

To figure with this class of calculators the amount is fLtst set up on the 
key-board and turned into the machines by means of a crank; if hand operated, 
or by a touch bar if motor driven. A movable carriage, which is located above 
the key-board has two sets of counters which affords visibility through dials. 
One of the sets of dials registers the result in each of the four arithmetical 
problems — ^that is, the sum in addition, the product in multiplication, the 
minuend in subtraction and the quotient in division. 

The other set of dials which is smaller in size shows only the multiplier 
in multiplication and the divisor in division. 

A distinct method of operation is used for each arithmetical process. 
When adding by means of a calculator the amounts are set up on the key- 
board in much the same manner as when operating an adding machine. By 
turning the handle or depressing the touch bar the total sum is registered in 
the dial. When subtracting, the amount from which the number is to be sub- 
tracted is set up first and then the amount to be subtracted. The result will 
be registered in the total dial. Multiplication is consecutive addition. Division 
is consecutive subtraction. 

Machines are made in various sizes; the smallest having 6 key board 
columns, 6 upper dial positions and 12 lower dial positions, the largest having 
10 keyboard columns, 10 upper dial positions and 20 lower dial positions. 
This type of machine will accomplish the addition and subtraction of frac- 
tions, registering the result in whole numbers and in fractions. 

In automatic calculators, that is, electric calculators, the advantages are 
increased speed and the elimination of physical effort. 

Lever-set calculators — columns of levers operated through openings in the 
cover of the machine characterize this type. The operation is accomplished 
by setting the levem at the amount indicated along the dots. When the 
amount has been set up by means of the levers, it is turned into the machine 
by operating a crank. 

Like the key set type, the lever set machine is constructed with a movable 
carriage and visible dial. 

PUNCH CARD ACCOUNTING AND STATISTICAL MACHINES 

At the present time there are three t 3 rpes of accounting and tabulating 
machine equipment on the market; one which operates by mechanical con- 
tact, known as the Powers (manufactured by the Remington Rand Business 
Service Incorporated), another, the Hollerith, operates by electrical contact 
(manufactured by the Tabtilating Machine Division of the International Busi- 
ness Machine Corporation) and the third which operates on the adding 
machine princd^te (manufactur6d by tiie National Cash Register Company and 
the Burroughs Adding Machine Company). The differences between the 
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three tyi>es of machines are that in the first two the cards are punched ac- 
cording to data taken from written records, and in the third a visible audit 
sheet is made within the machine. 

The first two methods of tabulating (mechanical and electrical contact) 
are dependent upon four devices — cards, punches, sorters and tabulators. In 
each system the basic record is a flexible card measuring 7^ by inches or 

by 3^ inches on whidi is printed a form designed for the user for a par- 
ticular purpose. 

The cards vary in size from 34 columns to 45 and 80 vertical columns; 
each column numbered from naught to 9 or naught to twelve. Each card is 
made out in a cond^ised form by using figures, letters and symbols to desig- 
nate certain information. 

Perforations are made by a punching machine at certain numerically ar- 
ranged positions in the card from which perforations the sorting and account- 
ing tabulating machines are automatically operated and controlled. Each 
perforation represents an itemized fact and as many perforations may be made 
as required to give eveiy detail of each fact. 

By ruling the card into columns positions are created. Each of the 
positions, which are sometimes called “field,” dedgnate certain facts. To 
further facilitate identification colored cards and manila cards with colored 
stripes are used. 

This equipment is indispensable in large offices where a great amoimt of 
statistical tabulation is required and where the accoimting systean is elaborate. 
Their operation is marvelous. By their use statistics may be prepared and 
anal 3 rses made as minutely as desired. Information regarding any item or 
group of items may be secured in a comparatively short time. Statistics are 
m ade available promptly which otherwise would only be ol^tained after much 
laborious Tnaniial and mental work, if at all. 

The first steps in the process of preparing material for accounting and 
tabulati ng machines of the first two t 3 q>es is the punching into cards such 
ciata as can be furnished by the records. The key pxmch, which is the unit 
that records original information, operates similar to a typewriter, but pro- 
ficiency in its use can be more easily acquired. There are several variations 
in the types of k^^ punches, each with a modification or improvement over 
the hand key punch. The Powers punch can be hooked up with a typewriter 
or Remington Accounting machine which records the original information in 
the card simu lt a ne ously with the typing of the original document in one 
operation. The lasy punch in this case may be also used as a separate unit. 

Depending upon the number of holes to be punched into a card, the opera- 
tor can punidi from 250 to 500 cards per hour. 

It is necessary m connection with an operation of this equipment to de- 
vise a system of numbers of codes (the Powers prints words and names as well 
as figures) depending upon the purpose of use. For example: One set of 
numbers may r^reseat an operating division, another set a state, another set 
an AEE:. or a valuation section, and so on. Each class of information, 
whether it be a n umer ic or alphabetical character, h ^s a definite code or set of 
numbers or letters assign e d. For example, a vertical line drawn between the 
first column of digits may be intended to code th^ month of the year. The 
second field may code the operatmg division or state or valuation section and 
so on. 
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The next step in the compilation of data for punched cards is sorting to 
any desired order. To facilitate this work machines known as sorters auto- 
matically arrange the cards in sequence of classification. The operation is 
carried on at the rate of about 425 cards per minute until all of the cards have 
passed through the machine. By this method for example — cards may be ar- 
ranged in order according to job, part number, or operation, valuation section, 
AJFJE. number, etc., or separated by Department. Devices for counting (on 
Powers Machines) each classification of cards as they pass into their proi>er 
places give an accurate count of classified items which are run through the 
machine. 

The final step in gathering data is to tabulate same in such a maimer as 
to enable one to see exactly what the results are. 

Perforated cards having been properly arranged by the sorting machine 
are then automatically set into the accounting and tabulating machine. The 
contact established through the cards causes the machine to designate and 
add automatically that which has been perforated into them, listing grand 
totals, total or sub-totals being obtained depending upon the arrangement de- 
sired for report. 

As the cards pass through the machines the quantities are registered in 
counters which accumulate the totals of the punched information. This in- 
formation is printed in detail or for totals only as desired. Printed final re- 
ports can be secured with multiple carbon copies directly from the machine on 
regular report forms or on plain memorandum paper. The machines vary in 
their operating speed from 75 cards per minute when listing all cards in detail 
to ISO cards per minute when handling cards for totals only. The operator in- 
serts the cards, possibly 600 at a time into the receiving magazine of the 
machine and starts the machine, after which the machine automatically on 
changes of designationi prints the detailed information and the sub and grand 
totals of each group. 

The capacity of the tabulator is enormous since many columns of fields 
may be added at one time. This makes it possible to undertake tabulations 
whidi would be impractical by other methods and has led to the wide appli- 
cation of machinery for setting up of statistics, the cost of which would be 
prohibitive or impossible by manual or mental means. 

One large carrier has in the past four years devoted considerable effort 
and thought to the application of these machines in division and accounting 
offices. Bconomies have been effected in offices to the extent that the cost of 
the equipment, $92,000.00 (approximately) is offset by annual payroll saving 
of $97,000.00. This result was not secured the first year and is not considered 
final, as plans have been made for some additional changes which wiH permit 
further economies and more satisfactory results. Another carrier reports sub- 
stantial savings on other types of equipment for tins dass of work, the equii>- 
ment being installed after investigating all maikes, induding the pxmched card 
machines. 

In the United States and Canada, princ^)ally because of servicing these 
machines, they are rented by the manufacturers and not sold. In most other 
countries they are sold outri^t. The cost of the cards runs into a sizable sum. 

The third machines referred to is known as an accounting machine 
as used for analyses and auditing work ratiier than for posting ledgers and 
statements. They are of the adding madime dedgn and are equipped with Ihe 
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usual key board for the amounts and keys to select the adding sections used to 
accumulate the totals. Each of the register selection keys represent whatever 
classification the work requires. The National Cash Register machine has the 
ability of accumulating to twenty-seven totals while the Burroughs accumu- 
lates up to twenty-one. A continuous record of all operations is made within 
the machine on the visible audit sheet. It may be used for a permanent 
record or as a posting medium or for checking purposes. A ticket may be 
issued automatically on all operations or class of operations or whenever de- 
sired. 


BOOKKEEPING MACHINES 

Bookkeeping machines to take care of modem accounting must provide 
for speed, legibility, ease and simplicity of operation and especially accuracy 
and control — correct adding, subtracting, computing, balancing and proving 
of figures; the elimination as far as possible of transcribing so easily transposed 
in rewriting; the making of records of the same general class at one writing; 
the elimination of checking, proving and hunting errors. These requirements 
are all successfully met by the bookkeeping machine, but the most vital factor 
in machine bookkeeping is the production of final results. To prove figures re- 
quired at stated intervals in the minimum of time consistent with the 
of efficiency. 

The type of machines are subdivided as between cylinder machines and 
flat writing machines. The cylinder machine writes on forms fed around a 
cylinder. The flat writing machines write on forms placed under the writing 
head on a fiat surface. 

The cylinder madbines are manufactured by the Remington Rand Business 
Service and the Underwood Typewriter Company, and by the Burroughs 
Adding Machine Company. 

The flat writing machines are manufactured by such companies as Elliott 
Fisher Company. 


THE CYLINDER MACHINE 

When a standard typewriter is equipped with a calculating mechanism, 
that is> with an adding and subtracting device and decimal tabulator, the 
machine may be termed a tylinder machine. The typewriter may be used 
index)endentfy of the calculator. Additions anrl subtractions are accomplished 
by the use of roisters called totalizers mounted on the rack in the front of 
the carriage or in some cases they are built in the machine and becomes an 
integral part of the machine. Where the totalizers are mounted on the rack 
in the front of the carriage they may be moved to any position or any 
column, and as many as 30 totalizers may be used depending upon the num- 
ber of columns to be added and subtracted. Machines of this type are many 
in number and vary in design and operath^ features. Some are equipped for 
vertical adding, some for vertical and horizontal adding and in each case they 
are equipped to handle subtraction. 

The machines can be equipped with motor carriage return Which autd- 
matically returns the carriage after the last figure is written, or the carriage 
may be returned from an intermediate position by the d^ression of a lever. 
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By the use of the automatic arithmetical mechanism journal and ledger 
entries may be readily recorded and checked. They perform the same func- 
tions as the flat writing bookkeeping machine. Some of these machines are the 
National, Ellis, Burroughs Moon-Hopkins, Burroughs, Underwood, and Rem- 
ington Rand. 


FLAT WRITING BOOKKEEPING 3VLACHINE 

The design and mechanical construction differ somewhat from other t 3 ^es 
in that the writing surface is flat as distinguished from the round or cylin- 
drical type of machine. 

This type of machine is constructed with the t 3 ping unit mounted upon 
the writing surface so that each stroke of the key strikes down upon the paper 
which is placed on the writing surface. As the paper remains fixed through- 
out the process the carriage moves backward, forward and from side to side. 
The keys are arranged according to the standard typewriter. Models are of 
different sizes designed to handle either continuous length or cut forms, the 
same as on the cylindrical bookkeeping machines. 

Machines of this class provide for the adding of figure items as they are 
written on the forms. Some add and subtract in vertical coliunns, others cross 
compute as well as add and subtract. In addition to posting ledger and 
statements, the flat writing machine is especially valuable for writing in bound 
books. The book page or ledger sheet to which the posting is to be made is 
placed on the writing surface and remains there during the operation without 
any necessity of changing the position. The position is fixed so that there is 
no possibility of it slipping, creeping or getting out of alignment. 

These machines have excellent manifolding powers due to the fact the 
action of the keys is downward. Standard typewriter keyboard is provided. 


Conclusions 

The subject of machine application must be approached broadly and 
the precedent of years* standing discarded to secure a successful installation. 
The first thing to consider is present methods and present costs. An expensive 
installation in an ofBce with a large volume of business may be economical but 
when that same installation is put in an office with but small volume it may 
be uneconomical. However, there are types and models of machines on the 
market that will prove good investments on any figure job in any volume. 
The important point is to select the proper madbine. If the volume is small, 
the equipment will be used less each day and therefore last longer and may 
cost but a few cents per day. 

A study of each office to determine the possibility of machine application 
^ould embrace the source of information, the volume, the clerical activity re- 
quired prior to machine use and the final result desired, such as the form of 
report and final disposition of complete details. 

This report is offered for informalion with the recommendation that the 
subject be discontinued. 
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Appendix H 

(12) BIBLIOGRAPHY ON SUBJECTS PERTAINING TO 
RECORDS AND ACCOUNTS, APPEARING IN CURRENT 
PERIODICALS 

W. T. Mead, Chairman, Sub-Committee; E. B. Crane, C. R. Harte, Alfred 
Holmead, H. R. Westcott, W. H. Woodbury. 

The method followed in compfling this bibliography was the same as the 
method used last year. Each member of the sub-committee was assigned to 
watch certain periodicals and report his findings. The several reports were 
then combined. 


BIBLIOGRAPHY 

Books 

Valuation of Public Service Corporations, by Robert H. Whitten, revised 
by Delos F. Wilcox (1928) . This book has been brought to date. 2 volumes. 

Modem Accounting Theory and Practice, by DeWitt C, Eggleston, (1930), 
2 volumes. A complete work on important principles of higher accountancy. 
The Problem of Weak Railroads (1930), by James M. Herring. 

Railroad Valuation and Fair Return (1930), by Shao-Tseng Wu. 

Periodical Publications 

Accoxtitting 

The Railways’ View on Revition of Accounting. Counsel for RA.OA. 
files brief with I.C.C. Railway Age, Vol. 87, p. 102. 

National Industrial Traffic League Meets at Chicago. Report of special 
committee on railroad accounting. Railway Age, Vol. 87, p. 1283. 

Arguments in Accounting Cases. Cost accounting called impracticable. 
Test case urged to establish l^al basis for depreciation accounting. Railway 
Age, Vol. 87, p. 1374, 

Graphic Charts for Operating Problems, by J. W. Foote. Railway Age, 
Vol. 88, p. 913. 

Accountants Hold Lively Session. Railway Age, Vol. 11, p. 1114. An 
account of the 42nd annual convention of the Rs^way Accounting Officers 
Assodation. 

Territorial Variation in Cost of Service, by M. O. Lorenz. Discussion of 
need for territorial costs in determining freight rates. Railway Age, Vol. 89, 
p. 17. 


Railroad Consolidations 

The Interstate Commerce G>nunisslon and Railroad Consolidation: Sidney 
P. Simpson, Harvard Law Review, December, 1929, p. 192. 

I.C.C. Consolidation Procedure, Railway Age, VoL 88, p. 566. 

Railroad ConsoEdaiion — ^What of It? by William Z. Rpley, World’s Work, 
October, 1930, p. 24. 


Depreciation 

Return Rate anc^ Depreciation: Re Supreme Court decision in Baltimore 
Street Car Fare Cases. Traffic World, January, 1930, p. 99. 

The Baltimore Railways’ Case and the Depredation Misery. By E. W. 
Mordiouse; Jour, of Land and Pulfiic Utility Economics. VoL 6, p. 213. 

A discussion of the Supreme Court’s decision. 

Depreciation Plan Opposed. Proposed report of Com. Eastman objec- 
tionable to railroads. Railway Age, Vol. 87, p. 1153. 

Colloquy on Depreciation Accounting. Letter from C. D. Crandall, 
Comptroller of Manilla Railroad, to Editor takiTig exc^Ttlofi of views of Rail- 
way Age on Depredation Accounting and reply. Raflway Age, Vol. 89, p. 240, 
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Valtjahoit 

Legal versus Economic Principles in Utility Valuation, by D. F. Pegrum; 
Jour, of Land and Public Utility Economics. Vol. 6, pp. 127 and 235. 

Two distinct issues in utility regulation, the le^ one of confiscation and 
the administrative one of adequate rates from a business standpoint. 

Will Valuation History Repeat, by Bancroft Hill. Jour, of Land and 
Public Utility Economics, Vol. 6, p. 136. 

A discussion of ■what may be expected of the price index. 

Critical Issues in Public Utility Regulation, by Donald R. Richberg; Jour, 
of Land and Public Utility Economics. Vol. 6, p. 1. 

Engineering and Accounting. Mr. Wendt’s opinion that there should be 
closer co-operation between the engineeiins professions and the I.C.C. and that 
there are many engineers who are expert in accounting matters. By Edwin F. 
Wendt. Railway Age, Vol. 87, p. 1092. 

I.C.C. Appeals to Congress. Commission urges I^islative definition of 
value to fit the O’Fallon method. Railway Age, Vol. 88, p. 334. 

Funds allowed for Recapture Campaign. Railway Age, Vol. 88, p. 548. 

New Recapture Report Issued. (Brimstone Railroad & Canal Co.) Rail- 
way Age, Vol. 88, p. 607. 

Traffic Clubs Consider Valuation and Rates at Cincinnati. Railway Age, 
Vol. 88, p. 1068. 

Wisdom of Recapture Provision Questioned by I.C.C. Alternative plan 
suggested in letter to Senate committee on Howdl rate base bill. Railway Age, 
Vol. 88, p. 1237. 

Security Owners Answer Couzens on Valuation. The National Associa- 
tion of Owners of Railroad and Public Utility Securities, reply to request of 
Senator Couzens for opinion on Howell Bill and express imqualified dis- 
approval. Railway Age, Vol. 89, p. 329. 

I.C.C. Valuation Methods. Comment on methods being used by the 
Bureau of Valuation in bringing valuation to date for recapture purposes. 
Railway Age, Vol. 89, p. 541. 

O’Fallon Arguments. Brief report of oral arguments before the Inter- 
state Commerce Commission. Traffic World, Jan. 25, 1930, p. 233 — ^Feb. 1, 
1930, p. 297. 

Proposed Valuation Rule. Coimnission’s suggestion to Congress. Traffic 
World, Jan. 25, 1930, p. 298. 

Rates and Valuation. Re Howell bill, S.-4005. Traffic World, Mar. 29, 
1930, p. 839. 

Rate and Valuation BiH. Re Commission’s letter to the Senate Committee 
on Howell BiU, S.-4005. Traffic World, May 24, 1930, p. 1383. 

Valuation as a Requirement of Due Process of Law in Rate Cases. By 
Frederick K. Bental. Harvard Law Review, June, 1930, p. 1249. 


Appendix I 

(13) BRIDGE INSPECTION REPORT FORMS COLLABOR- 
ATING WITH COMMITTEES VII— WOODEN BRIDGES 
AND TRESTLES, VIII— MASONRY, XII— RULES AND 
ORGANIZATION, AND XV— IRON AND STEEL STRUC- 
TURES 

W. T. Mead, Chairman, Sub-Committee; C. C. Haire, J. T. Vitt, F. X. Soete, 
D. W. Smith, W. Heimerdinger, H. R. Westcott, Louis Wolf. 

There axe now included in the Manual two forms for the inspection of 
bridges. Form 1110 on page 716, for the purpose of general bridge inspection 
and Form 1111 on page 718 for the purpose of special inspections. The 
Manual also contains pages 847 to 859 inclusive, rules for the inspection of 
bridges. 
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In order to make Forms 1110 and 1111 better adapted to their purpose 
as bridge inspection forms, a number of the larger railroads were asked to 
submit copies of their forms. After giving consideration to the practices of 
these roads and to the subject matter relating to rules now in the Manual, 
three bridge inspection forms, numbered 1110-Rev., 1110-A and 1110-B have 
been designed as follows: 

Exhibit No. 1 (Form No. 1110) — Bridge Inspection Report — Covers 
Masonry, Steel Bridges and Trestles 

This form is designed to be filled out and used by the bridge inspector 
going over the line for each individual masonry, steel bridge or trestle. The 
size of the form is 5 in. by in. and can be cut without waste from stan- 
dard stock. This size will sdso fit a coat pocket. The sheets may be bound 
into a book with one or more perforated sheets above each fixed sheet or 
they may be used in a loose leaf field book. The form can be printed so that 
a duplicate carbon-copy (or a triplicate) can be made for tie purpose of 
furnishing copies to those imder whose supervision the maintenance of bridges 
is performed. The remarks column has been left unruled so that defects found 
can be referred to in detail. In the same or a separate notebook the inspector 
can carry a form of similar size, described below: 

Exhibit No. 2 (Form No. lllO-A) — Bridge Inspection Report — 
Covers Wooden Boxes, and Pipe Culverts 

This form is the same size as Exhibit No. 1 and designed for wooden 
boxes and pipe culverts. It will permit of listing a large number of these minor 
items on one page and in a like maimer to Exhibit No. 1 duplicate (or 
triplicate) carbon copy can be made for filing with interested parties. Some 
roads may wish to show inspection of masonry boxes and arches on this form 
instead of on Exhibit No. 1. 

Exhibit No. 3 (Form No. 1110-B) — Bridge Inspection Report 

Exhibit No. 3, as can be noted, is a summary report which should be 
compiled from the daily inspection reports. This report necessarily is a larger 
form, 11 in. by 17 in., and the spaces provided will permit of showing the 
information from both the inspection forms, namely. Exhibits No. 1 and No. 2. 

Forms 1110, 1110-A and 1110-B designed to supersede Forms 1110 and 
1111 now in the Manual, are presented this year as information. When the 
collaboiation required has been fully accomplished, they will be recommended 
for the Manual. 
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Appendix J 

(14) METHODS USED IN RECAPTURE PROCEEDINGS 

Chas. Silliman, Chairman, Sub-Committee; T. F. Darden, C. J. Geyer, W. R. 
Kettenring, C. A. Knowles, J. T. Powers, H. L. Ripley, W. H. Woodbury. 

Your Sub-Committee, having been charged with the making of a report 
on the “Methods Used in Recapture Proceedings,” submits the attached as a 
progress report only. 

Changes are to be anticipated in the methods both of the Bureau and the 
Carriers, and further legal decisions may greatly modify the present proce- 
dure. 

A movement has been started to bring about changes in the Transporta- 
tion Act with reference to the determination of Value and the Recapture of 
so-called Excess Earnings; the proposed changes would be far-reaching in their 
effect. It is not possible to foresee at the time this report is closed what may 
take place in this matter in the Congress which convenes December, 1930. 


METHODS USED IN RECAPTURE PROCEEDINGS 


Section 15a of the Interstate Commerce Act (added February 28, 1920), 
provides^ for the so-caUed recapture of the earnings of a carrier when in ex- 
cess of six per cent of the aggregate value of the r^way property held for and 
used by it in the service of transportation. One-half of such excess is to be 
placed in a reserve fund established and maintained by the carrier, and the re- 
maining one-half is to be paid to the Commission for the purpose of estab- 
lishing a general railroad contingent fund. 

Qu^tionnaires were sent out and the carriers were directed to report their 
net earnings and the value of their property as claimed by them for the various 
years succeeding Federal Control. Considerable sums of money were paid to 
the Commission, but in almost every case this was done under protest, so 
that the funds so turned over have been tied up until final decision of the 
questions in issue is reached. The question of what is the aggregate value of 
the property in the various years is the controlling feature in this matter. The 
carriers, for the most part, have reported a figure of value reflecting the prices 
prevailing since the war, together with allowances for Working Capital and 
Going Concern. 

The first case followed through ‘to a decision was that of the St. Louis & 
O’Fallon Railway Co., FJD, 3908, A hearing was held in October, 1924, and 
a report of the Examiner presiding was submitted to the Commission February 
27, 1926. In this report the position was taken that the value for recapture 
purposes, briefly stat^, should be the basic primary valuation to which should 
be added net additions and betterments affecting ie particular years in ques- 
tion. As described by Counsel for the Bureau: “The theory of the Report is 
that the values stated represent as nearly as can be determined what the 
properties in service in each of the recapture years had cost the Carrier.” 


On February IS, 1927, the Commission rendered a decision in this matter 
subste nti ally in accord with the Examiner’s report in the matter of the de- 
termination of value, and ordered the carrier to make payments developed 
on this theory. (124 I.C.C. 3.) The carrier appHed to the United States Dis- 
trict Court for the Eastern District of Missouri for an injunction setting aside 
this order of the Co m mis si on. An appeal from the decision of this Court to 
the United States Supreme Court resulted in a decision on May 20, 1929, 
setting forth, among other things, that present costs along with all other per- 
tirient facts must be considered in fixing value. A decree was entered an- 
nulling the challenged order. (279 U.S. 461). 


Prior to the Supreme Court’s decision, hearing had been held before 
Exammers of the Commission upon a number of recapture cases and subse- 
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quent to that decision many if not all of these cases were reopened by the 
Commission for further hearings. In the resumed hearings the testimony on 
behalf of the Commission has been along the following lines: 

Accounting Testimony 

Testimony was presented by the Bureau of Accounts as to the net operat- 
ing income of the carrier for the years in question. A statement was re- 
quested of the carrier as to the amounts set up as recapture liability in its 
income tax returns and also as to unaudited items. 

Testimony was presented by the Bureau of Finance as to the settlement 
between the carriers and the Director-General, particularly in the matter of 
under-maintenance and the so-called Profit on material and supplies. The 
Bureau had made studies and analyses of these transactions, their position 
being that such items required an adjustment in the net operating income of 
the carriers. 

Testimony "was presented by the Bureau of Statistics developing when 
under-maintenance had been overcome and providing a factor for assigning a 
proper proportion of the total allowance made by the Director-General to 
each year. 

Testimony was presented by the Accounting Section of the Bureau of 
Valuation setting forth the changes that had been made in the property sub- 
sequent to the basic valuation and reported under Order No. 3 returns. 

Testimony was presented by the Accounting Section, also, as to the 
Original Cost to Date of the common carrier property used by the carrier as 
of the day preceding each recapture period. This was estimated in part, and, 
where the tentative valuations had declared that no original cost could be 
ascertained, the reproduction new figures of the basic valuation were used, 
except as to Land and Equipment, the figures for which were obtained from 
the carrier’s returns under Valuation Orders Nos. 7 and 8. To these figures 
were added the net costs of additions and betterments. The statement like- 
wise shows the original cost figures for each year, reduced in proportion to 
the depreciation developed in the Engineering Report. It also shows the 
land for transportation purposes and assessments for public improvements 
set up separately. 

The amounts shown on this statement are exclusive of the increased cost 
of ties and rails made in replacements in kind over the cost of the ties and 
rails retired. A table showing the amounts of these excess costs of renewals 
is attached to be used where it is desirable to produce an original cost to date 
comparable with the property in use during the periods under consideration. 

Engineering 

In the first of the resumed hearings, Counsel for the Bureau of Valuation 
stated that it was their intention to explain thoroughly how unit prices were 
developed and the general method used by the Bureau in arriving at the esti- 
mated cost of reproduction for the recapture years. 

A witness testified as to the large amounts of cost data the Bureau had 
accumulated and the various sources from which additional data was being 
obtained. He explained that a special engineer was ass^ed to the develop- 
ment of prices for the specific accounts. The reproduction cost totals shown 
in the revised Engineering Reports were developed through the application of 
multipliers. Prices are developed for the particular year. These are compared 
with the 1914 prices in the basic Engineering Report and indices arriv^ at. 
Indices for the various items in an account are lieu weighted and a proper 
index for the whole account arrived at. Such indices or multipliers are then 
applied to the amounts developed by applying 1914 prices to the revised quan- 
tities. 

By proper weighting, a composite index for a particular road as a whole 
ran he obtained for any one year. Similarly, composite indices for a group of 
railroads can be developed. 

As a result of their studies, the Bureau was convinced that 1920 prices 
could not be considered a part of any well established plateau of prices. 
Prices as of 1921-1928 did show a fairly well established plateau. While the 
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Bureau felt the trends they had developed were reliable for broad application, 
they pointed out that in developing reproduction costs they considered any 
local conditions peculiar to the carrier in question which would affect its cost. 

Copy of thit; general testimony was introduced in each of the other re- 
capture cases. 

Revised Engincermg Reports for the years under consideration were pre- 
sented by another witness. These, it was said, were bas^ on the quantities 
in existence and used at a given date, to which were applied normal construc- 
tion and maintenance costs. Depreciation was arrived at by the methods of 
Bureau of Valuation Memorandum 226, dated Nov. 6, 1915 (75 I.CI.C. 
183) supplemented by data from the annual reports and recent inspection. 
Only summary sheets for each year were submitted and placed in the record. 

Two sets of reproduction figures w^ere reported, one developed by the use 
of so-called “Spot Indices’^ reflecting prices for each year, and the other, 
“Period Indices” reflecting average prices over a period of years, such as 
1921-1924, 1921-1928, the Witness expressing the opinion that the period figures 
1921-1928 were the more representative and recopomended their use. 

A special witness testified as to Grading prices and how he had reached 
his conclusions. Determination of proper reproduction prices is based on two 
methods: (1) Consideration of current contract grading cost data, and (2) the 
trend method, developing a ratio of later day prices to the 1910-1914 prices, 
the purpose of the latter being to bridge gaps in those parts of the country 
where post-war grading data is either lacking or negligible. Prices determined 
by these method are compared with the basic engineering report prices to 
develop the index numbers^ used for the revised engineering reports. 

A special witness testi^ed as to the cost of Structural Steel and other 
items in Account No. 6, and from these costs, by comparison with the basic 
engineering prices, a composite index for this Account as a whole and for this 
Carrier was developed. 

A special witness testified as to Account No. 9 — ^Rail, and Account No. 
10 — Other Track Material, and the development of the indices reported. 

A special witness testified as to Account No. 12 — ^Tracklaying and Sur- 
facing. Conclusions had been based on a study of country-wide construction 
of approximately 9,000 miles of railroad. The figures shown in the exhibit 
submitted were predicated on the Commission's decision in the Pennsylvania 
Railroad Valuation Case (I.C.C. Val. Rep, 22). 

A special witness testified as to the costs of buildings, how present-day 
prices were developed from costs of new construction stuped in coimection 
with bills of materials. These prices were compared with the prices of the 
basic valuation engineering reports and indices reported. 

It was explained by Counsel for the Bureau that similar methods had 
been applied to the other accounts, but witnesses thereto would not be pre- 
sented unless requested by the carrier. 

Land 

In the recapture hearings, including the original and later sessions, testi- 
mony as to land values for the various recapture years was presented by the 
Bureau. The methods followed were the same as in the original land ap- 
praisal, As explained by a witness, a personal examination of the property 
was made. AH sales of property in the vicinity that could be secured were in- 
vestigated and information obtained from owners and real estate experts. 
Sales that were inapplicable or abnormal were eliminated from the study. 

After consideration of all the information, units of value were placed on 
the various zones into which the right of way was subdivided, the object being 
to develop a value for the carrier property by determining the unit values of 
similar adjacent and adjoining land. The question as to what part of the 
property was not devoted to carrier purposes was also investigated and some 
changes from the basic valuation recommended. 

About July 1, 1928, in connection with Supplement No. S of Valuation 
Order No. 3, a circular was issued entitled “Outline of Plan for Bringing Land 
y^uations to December 31, 1927, and Such Other Date or Dates as May be 
Fixed by the Director of Valuation.” This directed, among other things, that 
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carriers be called upon to indicate the portions of their property in which 
complete reappraisals are not justified; fliat they shall also collect and pre- 
pare lists o£ all sales applicable to the land where substantial changes in value 
are thought to have taJken place; that jointly such sales will be verified and 
agreed upon; and that the application of the data and the fixing of unit 
values is to be a matter of independent action by the Land Section and the 
carrier concerned, but agreement as to the basic data is expected to obviate the 
necessity for extended discussion. Concurrently with the bringing of valua- 
tions to date, the Land Section 'will make the necessary appraisals for pros- 
pective recapture cases. 

Depreciation 

In the Richmond, Fredericksburg & Potomac Railroad case, F.D. No. 
3898, the Bureau introduced a "witness wlao testified as to the result of a 
recent inspection of the property (1930). The property was maintained in a 
thoroughly normal condition, but a review of changes that had been made 
since the basic valuation indicated the importance of the elements of in- 
adequacy and obsolescence in determining service life and estimating de- 
preciation. The advance of electrification, it was stated, must be considered, 
and it was pointed out that this property was admirably adapted to electrical 
operation. 

Another witness testified as to “functional depreciation” and “physical 
depreciation” of equipment. The depreciation shown in the Engineering Re- 
port included functional as well as physical depreciation. Life studies are 
based on the equipment that has been retired in the past and include deprecia- 
tion from all causes. A locomotive can be maintained as long as desired, but 
rapid ad-vance has been made in locomotive design, in increased weight and 
improvements increasing efficiency. The witness stated that there was perhaps 
no true way of reading the future but the Bureau has resorted to the past as a 
means of so doing, knowing what is going on in the world as well. 

Similar inspection is made and testimony introduced in other recapture 
cases. 

On February 28, 1930, the Commission issued an order in FD. No. 3643, 
Brimstone Railroad & Canal Company, directing the carrier to make payment 
within thirty days of the excess income as developed in an attached report of 
the Commission describing the situation in detail and the amounts due. This 
is of especial interest, being the first report and decision of the Commission 
since the O^Fallon Decision by the Supreme Court. 

A study of the report in the Brimstone case makes it apparent that while 
the value figure reported for each year may be consider^ a “judgment” 
figure, the conclusions seem to be lai^ely influenced by the reproduction 
figures for the various years developed by the use of so-called period prices 
rather than spot prices. Depreciation has been deducted as in the primary 
valuations and an estimate for land and working capital has been added. 
Apparently no additional allowance has been made for Going Concern. 

The Carriers have most vigorously objected to the rewriting of the net 
operating income as proposed by the witnesses testifying as to the Federal 
Control settlements, and to the estimated original cost as submitted, being 
given weight. 

As to the Engineering Report figures, for the various recapture years, the 
Carriers -without -waiving their general objection to the methods of the Bureau 
in determining reproduction costs, so far have not made vigorous protest 
except as to Accounts Nos, 3 and 12. This is also true as to the revised Land 
Reports. The principal point of difference, assuming the Bureau method of 
appraisal proper, has been as to classification as Carrier or Non-Carrier. 

The new testimony of the Bureau as to Depreciation is designed, ap- 
parently, to support and justify the methods they have heretofore been 
applying and to emphasize and more accurately p,uge the element of 
obsolescence. As in the past, the Carriers are objecting to the depreciation 
determined. 

In the reopened hearing of the O’Fallon Case, two new lines of testimony 
were introduced, one was an exhibit presented by the Bureau justifsdng the 
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use of the 1914 reproduction figures as equivalent to original cost where the 
same could not be ascertained from, the records. This study, prepared by the 
Accounting Section of the Bureau of Valuation, showed for about 77 carriers 
whose original cost or money outlay could be ascertained that these figures 
compared with the reproduction estimates on a 1914 basis agree on an aver- 
age witbin about 154 per cent. The other was testimony by the Carrier and 
tended to make clear that the allowance made by the Bureau for Tracklaying 
and Surfacing costs was insufficient and, if the character of track as esti- 
mated for by the Bureau was in actual use, the cost of maintenance for the 
years of recapture would include a large additional amount, which sum 
should be charged to operating expenses. 

In the Lehigh & Hudson River Case, the Carrier endeavored to answer 
the testimony of the Bureau as to expenditures for under-maintenance paid 
for by the Government at the termination of Federal Control, by showing that, 
properly trended, the e^enditures for maintenance during the test period 
were in excess of those in the years immediately following the return of the 
Carrier to its owners. In the testimony of the Bureau as to the so-called 
Profit on material and supplies returned by the Director General, the Carrier 
made reference to its tax case in the Federal Court wherein it was decided 
that this so-called Profit was not an element of operating income. 

Since the tentative decision and order of the Commission in the Brim- 
stone Railroad & Canal Co., case FD. 3643, there have been two proposed 
Examiners Reports and nine tentative Findings by the Commission — ^aU short 
lines except the R. F. & P. R. R. In these tentative findings it is ordered that 
‘‘within the aforesaid forty days after date hereof, the Carrier, if it disagrees 
with the findings and conclusions of the aforesaid report, may file protest 
thereof, setting forth in detail each particular thing against which the pro- 
t^t is directed and transmit a copy of such protest to each of the parties on 
whom this notice is directed to be served, and file with the Commission for 
its official use, thirty additional copies of the same.” 

In these reports and tentative findings, the procedure of the Bureau as 
evidenced by its testimony and briefly described above was approved by the 
Conmussion. The dosing paragraph in every case sets up a value for rate- 
making purposes for each of the years involved, the net railway operating in- 
come, and the excess net railway operating income subject to recapture. 

^ How the value figure for rate-making purposes is arrived at is not ex- 
plained, but a study of the underl 3 diig figures appearing in the reports shows 
that this value is a figure about midway between that of the original cost 
depreciated and the reproduction cost depreciated, plus the present value of 
the land, plus working capital. 

Aside from the differences of the Carriers with the Bureau as to the de- 
tails of the method in arriving at the reproduction cost and the estimated 
original ixst, it is generally felt that the Value arrived at in these recapture 
healings is not in accord with the spirit of the Supreme Court decision in the 
St. Louis & OTallon Case, and will doubtless be generally objected to. 
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To the American Railway Engineering Assodation: 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects: 

(1) Revision of Manual (Appendix A). 

(2) Specifications for concrete used in railway buildings, collaborating 
with Committee VIII — ^Masonry (Appendix B). 

(3) Preparation of specifications for railway buildings (Appendix C). 

(4) Waterproofing and dampproofing as applied to existing buildings, 
collaborating with Committee VIII — Masonry (Appendix D). 

(5) Various types of trainsheds and factors controlling their selection 
(Appendix E), 

(6) Freight house doors (Appendix F). 

(7) Standardization of metal buildings and parts (Appendix G). 

(8) Use of welding in buildings, collaborating with Committee XV — ^Iron 
and Steel Structures (Appendix H). 

(9) Furnish the Special Committee on Clearances the information re- 
quired by it pertaining to buildings (Appendix I). 

(10) Sidewalks and station platforms, collaborating with Committee VIII 
— ^Masonry, and XVH — ^Wocd Preservation (Appendix J). 

(11) Elevators, lifts and escalators (Appendix K). 

Action Recommended 

1. That the changes in the Manual in Appendix A be approved and 
the revised version substituted for the present recommendation in the Manual. 

2. That the Specifications for Concrete used in Railway Buildings in 
Appendix B be received as information with a view to its being offered for 
publication in the Manual at a later date. 

3. That the specifications mentioned in Appendix C be adopted for pub- 
lication in the Manual, and that this subject he reassigned to the Committee 
for further consideration. 

Btilletin 334, February, 1931. 
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4. This subject has been assigned to a special committee. 

5. That this subject be reassigned as recommended in Appendix E. 

6. That this subject be reassigned as recommended in Appendix F. 

7. That the report in Appendix G on Standardization of Metal Buildings 
be received as information. 

8. That the report on welding as given in Appendix H be received as 
information. 

9. The Committee has collaborated with the Special Committee on 
Clearances, giving them the information requested pertaining to building 
clearances, which is being used in the information of their report — ^Appendix I. 

10. That this subject be reassigned as recommended in Appendix J. 

11. That' the report on elevators, lifts and escalators as given in Ap- 
pendix K be received as information. 

Respectfully submitted, 

The Committee on Buildings, 

A. L. Sparks, Chairman. 

Appendix A 

(1) REVISION OF MANUAL 

G, A. Belden, Chairman, Sub-Committee; A. C. Copland, F. M. Davison, 
E. K. Mentzer, 0. G. Wilbur, A. L. Sparks. 

It is recommended that the following revisions be made in the subject 
matter published in the 1929 Edition of the Manual: 

1. Freight Houses, Page 268 

Revise second paragraph under heading “General’’ to read as follows: 

Present Form Proposed Form 

The outbound house should be not Where hand trucks are to be used 
more than 30 feet wide and the in- for trucking freight, the outbound 

bound house should be from 40 to 60 house should be not more than 30 

feet wide. feet wide and the inbound house 

should be from 40 to 60 feet wide. 

Where tractors and trailers are to 
be used for handling freight, the 
width of the outbound house should 
be from 50 to 60 feet wide and pre- 
ferably free of columns. 

2, Specifications for Railway Buildings 

Section 10-D, Built-up Roofing, page 320: Revise the second 
graph under “Roofing Felts” to read as follows: 


para- 
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Present Form Proposed Form 

Tarred felts shall be composed of 
rag roofing felt impregnated with a 
coal tar saturant, and shall weigh not 
less than 14 lb. per 108 square feet. 

Asphalt felts shall be composed of 
rag roofing felt impregnated with an 
asphaltic saturant and shall weigh 
not less than 14 lb. net per 108 
square feet for light weight felts or 
30 lb. net per 108 square feet for 
heavy weight felts as hereinafter 
specified. 

Asbestos felts shall be composed of 
genuine long fiber mineral asbestos 
felts impregnated with an asphaltic 
saturant and shall weigh not less 
than 14 lb. net per 108 square feet 
for light weight felts or 60 lb. for 
hea\^ weight felts as hereinafter 
specified. 

Felts may be furnished in widths 
of 32 or 36 inches. They shall be 
uniform in appearance, free from 
visible external defects, pliable, and 
shall not stick to such an extent as 
to cause tearing when unrolled. 

Appendix B 

(2) SPECIFICATIONS FOR CONCRETE USED IN RAIL- 
WAY BUILDINGS, COLLABORATING WITH COM- 
MITTEE VIII— MASONRY 

W. T. Dorrance, Chairman, Sub-Committee; E. H. Dresser, Hugo Filippi, 
A. C. Irwin, O. M. Rognan, 

1. General 

The Contractor shall furnish all labor, materials, tools and equipment 
necessary to entirely complete the work as herein specified and shown on the 
drawings. 

MATERIALS 

2. Cement 

The c^ent shall meet the requirements of the American Railway Engi- 
neering Association, “Specifications for Portland Cement.” Cement tliat has 
hardened or partially set shall not be used. 

3. Fine Ag^gregate 

Fine aggregate shall consist of sand or other approved inert materials with 
similar characteristics, or a combination thereof, having clean, hard, strong, 
durable, uncoated grains and free from injurious amounts of dust, lumps, 
soft or flaky particles, shale, alkali, organic matter, loam or other deleterious 
substances. 

Natural sand which shows a color darker than the standard color when 
tested with the Colorimetric Test for Sands (Standard method of tests for 
organic impurities in sands for concrete, serial designation C 40-27, A.S.TM.), 
shall not be used unless the concrete made with the materials and in the pro- 
portion to be used on the work, is shown by tests to be of the required 
strength. 


Tarred and asphalted felts shall be 
rag felts, and for built-up roofing 
shall weigh not less than 14 lb. per 
108 square feet; 



550 


Buildings 


4. Grading Fine Aggregate 

Fine aggregate shall range in size from fine to coarse within the limits 
indicated below, percentage by weight: 


Passing through No. 4 sieve 95 per cent 

Passing through No. 50 sieve 

not more than 30 per cent 

not less than 10 per cent 

Passing through No. 100 sieve when 

screened dry not more than 6 per cent 

Volume removed by sedimentation, 

not more than 3 per cent 


5. Coarse Aggregate 

Coarse aggregate shall consist of crushed stone, gravel or other approved 
inert materials, with similar characteristics or combination thereof, having 
clean, hard, strong, durable, uncoated particles, free from injurious amounts 
of soft, friable, thin, elongated or laminated pieces, alkali, organic or other 
deleterious matter. 

If the use of crushed slag is permitted as a coarse aggregate, it shall be 
air-cooled, blast furnace slag, weighing not less than 70 lb. per cu. ft. and 
shall have seasoned not less than one year. 

6. Grading Coarse Aggregate 

Coarse aggregate shall range in size from fine to coarse preferably within 
the following limits: 

Passing maximum size sieve 

not less than 95 per cent 

Passing sieve 54 maximum size 

not more than 75 per cent 

not less than 40 per cent 

Passing No. 4 sieve 

not more than 6 per cent 

The maximum size of coarse aggregate shall be not more than 3 inches 
and shall be not more than two-thirds of the minimum dear space between 
reinforcement bars or two-thirds of the size of the mesh. 

7. Water 

Water shall be dean, reasonably clear and free from oil, add and in- 
jurious amounts of vegetable matter, alkali or other salts. 

8. Reinforcing Materials 

Steel rods or bars used for reinforcing shall conform to the requirements 
of the American Railway Engineering Association’s “Specifications for Billet- 
Steel Concrete Reinforcement Bars.” 

Structural steel diapes used for reinforcing shall conform to the current 
specifications for structural steel in buildings, A.R.EA. Steel Spedfications 
(Bessemer Steel shall not be used) . 

Wire used for reinforcing and spirals for column reinfordng shall con- 
form to the current spedfications for “Cold Drawn Steel Wire for Concrete 
Rdnforcement,” of the A.S.TM. (Serial Designation A 82-21). 

All materials used in reinforcing concrete shan be free from grease, 
rust, scales or coating of any character which will tend to reduce or destroy 
the bond between the metal and the concrete. 

9. Size of Bars 

Reinforcement bars shall conform to the areas and equivalent sizes shown 
in the following table: 
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Size of Bar — In. 


Area — Sq. In. 

Round Bar Square Bar 


54 

Vs 

Va 

1 

154 

154 


0.110 


0.196 

0.250 

0.306 


0.441 


0.601 


0.785 

1.00 


1.265 


1.562 


Deformed bars shall develop a bond at least 25 per cent greater than that 
of a plain round bar of equivalent cross-sectional area. The area of a de- 
formed bar shall be determined by the minimum cross-section thereof. 

10. Storage of Materials 

Cement shall be stored in such a way as to permit easy access for proper 
inspection and identification of each shipment and cement that has hardened 
or partially set shall be removed from the site. 

The fine and coarse aggregate shall be stored separately and in such 
manner as to avoid the inclusion of dirt and other foreign material in the 
concrete. Coarse aggregate shall be handled in such manner as to maintain 
the grading of the sizes. 

Reinforcing materials shall be stored in racks which will prevent the 
materials from coming in contact with the ground. 

WORKMANSHIP 

11. Measuring 

The unit of measure shall be the cubic foot; ninety-four pounds one 
sack or one-fourth barrel of cement shall be assumed as one cubic foot. 

The method of measurement shall be such as to secure the proper propor- 
tions in each batch. The aggregate shall be measured separately by volume 
or wei^t. In volume measurement the fine aggregate and the coarse aggre- 
gate shall be measured loose, as thrown into the measuring device, due allow- 
ance being made for bulking. The water shall be so measured as to insure 
the desired quantity in successive batches. 

12. Proportioning 

The proportioning of materials for the class of concrete specified or 
shown on the plans shall be based on the requirements for a plastic and 
workable mix containing not more than the amount of water per sack (94 
lb.) of cement for each class of concrete, as follows: 

Class of Concrete Gallons of Water 

Compression Strength Per Sack of Cement 

Lh. per Sq. In. 28 Days 

3500 5.00 

3000 5.50 

2500 6,25 

2000 7.00 


These quantities of water must not be exceeded. Water in the ag- 
gregate must be included in the quantity specified and subtracted from the 
amount added to the mixture. The water in the aggre^te shall be measured 
by methods satisfactory to the Engineer which will give results within one 
pound for each 100 lb. of aggregate. 



552 


Buildings 


13. Workability 

The mixture shall be such as to produce concrete that can be worked 
readily into the comers and angles of the forms and around the reinforce- 
ment without excessive spading. The workability will be controlled by 
adding or deducting JBne or coarse aggregate, but in no case shall the amount 
of coarse aggregate be such as to produce harshness in placing or honey comb- 
ing in the structure- 

14. Tests 

The Contractor shall furnish concrete for test cylinders for compression 
tests made and stored in accordance with the ‘"Current Standard Method of 
Making and Storing Specimens of Concrete in the Field” (Serial Designation 
C 31-21) of the A.S.TM. The cylinders shall be tested in accordance with 
“Current Method of Making Compression Tests of Concrete” (Serial Desig- 
nation C 39-25) of the A.S.T.M. Four test cylinders shall be made for 
each 500 cu. yd. of concrete deposited but on no job shall less than four 
cylinders be made. Duplicate copies of all test data taken by the Contractor 
for the control of concrete shall be filed with the Engineer immediately after 
the data is obtained. 


15- Machine Mixing 

The mixing of concrete unless otherwise authorized by the Engineer, shall 
be done in a batch mixer of approved type, which will insure a uniform dis- 
tribution of the materials. 

The mixer shall be equipped with suitable charging hopper, water storage 
and water measuring device. 

The mixing of each batch shall continue not less than one and one-half 
minutes after all the materials are in the mixer, during which time the mixer 
shall rotate at a peripheral speed of about 200 ft. per minute. 

16. Hand Mixing 

When it is permitted to mix by hand, the mixing shall be done on a 
watertight platform of sufficient size to accommodate men and materials for 
the progressive and rapid mixing of at least two batches of concrete at the 
same time. The batches shall not exceed one-half (J^) cu. yd. each. The 
materials shall be mixed dry until the mixture is of a uniform color, the re- 
quired amount of water added, and the mixing continued until the batch is 
of a uniform consistency and character throughout, 

1 7 . Retenapering 

The retempering of concrete or mortar which has partially hardened, that 
is, remixing with or without additional cement, aggregate or water, will not 
be permitted. 


18. Placing 


. Before beginning a run of concrete, hardened concrete and foreign ma- 
terials shall be removed from the inner surfaces of the TniTring and conveying 
equipment. 


Before depoating concrete, all debris shall be removed from the space 
to be occupied by the concrete, steel reinforcing ^11 be secured in its 
proper locafuon, forms shall be thoroughly wetted except in freezing weather 
unless they have been previously oiled. 


Concrete shall be handled from the mixer to the place of final deposit 
as mpi^y as practicable by methods which shall prevent the separation or loss 
of me ingredients. It^all be dejmsited in the forms as nearly as practicable 
m Its fin^ position. It ^all be so deposited as to maintain, untfl the com- 
plefaon of umt, a plastic surface approximately horizontal. Forms for 
walls or other thm sections of considerable height shall be provided with 
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openings, or other methods used, that will avoid accumulations of hardened 
concrete on the forms or metal reinforcement- Under no circumstances shall 
concrete that has partially hardened be deposited in the work, 

19. Chuting^ 

When concrete is conveyed by chuting, the plant shall be of such design 
that the angle of the chute wdth the horizontal shall be such as to allow the 
concrete to flow without separation of the ingredients. The delivery end of 
the chute shall be as close as possible to the point of deposit. \^en the 
operation is intermittent, the spout shall discharge into a hopper. The chute 
shall be thoroughly flushed with water before and after each run; the water 
used for this purpose shall be discharged outside the forms. 

20. Compacting 

Concrete, during and immediately after depositing, shall be thoroughly 
compacted by means of suitable tools. For thin walls of inaccessible portions 
of the forms, where rodding or forking is impracticable, the concrete shall be 
assisted into place by tapping or hammering the forms opposite the freshly 
deposited concrete. The concrete shall be thoroughly worked around the re- 
inforcement and around embedded fixtures and into the comers of the forms. 

21. Continuous Depositing 

Concrete shall be deposited continuously until the unit of operation, ap- 
proved by the Engineer, is completed. 

22. Temperature 

Concrete when deposited shall have a temperature not less than 50® 
Fahr, and not more than 120® Fahr. In freezing weather suitable means 
shall be used for maintaining the concrete at a temperature not lower than 
50® Fahr., for not less than 72 hours after placing, or until the concrete has 
thoroughly hardened- The methods of heating the materials and protecting 
the concrete must have the approval of the Engineer. Salt, chemicals, or 
other foreign materials shall not be mixed with the concrete for the purpose 
of preventing freezing. 

23. Depositing Against Other Concrete 

Before depositing new concrete on or against concrete which has hard- 
ened, the forms shall be retightened, the surface of the hardened concrete 
shall be roughened as required by the Engineer, thoroughly cleaned of for- 
eign matter and laitance, and saturated with water. The new concrete placed 
in contact with hardened or partially hardened concrete shall contain an ex- 
cess of mortar. To insure this excess mortar at the Juncture of the hardened 
and the newly deposited concrete, the cleaned and saturated surfaces of the 
hardened concrete, including vertical and inclined surfaces, shall first be 
slushed with a coating of neat cement grout against which the new concrete 
shall be placed before the grout has attained its initial set. 

24. Protection 

Exposed surfaces of concrete shall be protected from premature drying 
for a period of at least seven days after being deposited. 

25. Forms 

Forms shall be substantial and sufficiently tight to prevent leakage of 
inortar; they shall be properly braced or tied together so as to maintain posi- 
tion and shape. If adequate foundation for shores cannot be secured, trussed 
supports shall be provided. 

Forms shall conform to the shape, .Jines and dimensions of the concrete 
as called for on the plans. Lumber used in forms for exposed surfaces shall 
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be dressed to a uniform thickness, and shall be free from loose knots or other 
defects. Joints in forms shall be horizontal or vertical. For unexposed sur- 
faces and rough work, undressed lumber may be used. Lumber once used in 
forms shall have nails withdrawn, and surfaces to be in contact with face con- 
crete thoroughly cleaned, before being used again. 

Foundation concrete may be placed without forms if in the opinion of 
the Engineer the conditions are suitable. 

Bolts and rods shall preferably be used for internal ties; they shall be so 
arranged that when the forms are removed no metal shall be witibiin one inch 
of any surface. Wire ties will be permitted only on light and unimportant 
work; they shall not be used through surfaces where discoloration would be 
objectionable. Shores supporting successive stories shall be placed directly 
over those below, or so designed that the load will be transmitted directly to 
them. Forms shall be set to line and grade and so constructed and fastened 
as to produce true lines. Special care shall be used to prevent bulging. 

Unless otherwise specified, suitable moldings or bevels shall be placed in 
the angles^ of forms to round or bevel the edgte of the concrete. 

The inside of forms shall be coated with non-staining mineral oil or 
other approved material or thoroughly wetted (except in freezing weather). 
Where oil is used, it shall be applied before the reinforcement is placed. 

26. Removal of Forms 

Forms shall be left in place till the concrete has attained suf&cienl 
strength to be self-supporting, and then removed only at Contractor’s risk. 

27. Preparing Metal Reinforcement 

Metal reinforcement, before being positioned, shall be thoroughly cleaned 
of mill and rust scale and of coatings that might destroy or reduce the bond. 
Reinforcement appreciably reduced in section shall be rejected. Where there 
IS delay in depositing concrete, reinforcement shall be reinspected and, when 
necessary, cleaned. 

Reinforcement shall be carefully formed to the dimensions indicated cn 
the plans. Cold bends shall be made around a pin having a diameter of three 
or more times the least dimension of the reinforcement bars for steel of struc- 
tural grade and six or more times that for steel of intermediate or hard grade. 

Metal reinforcement shall not be bent or straightened in a manner that 

injure the material. Bars with kinks or bends not shown on the plans 
shall not be used. Heating of reinforcement will be permitted only when the 
entire operation is approved by the Engineer. Bars that can not be cold bent 
without injury shall be properly heated. 


28. Placing Metal Reinforcement 


Metal reiuforcement shall be accurately positioned, and secured against 
displacement by using annealed iron wire of not less than No. 18 gage 
or suitable clips at intersections, and shall be supported by concrete or metal 
chaire or spacers, or metal hangers, unless otherwise shown on the plans. The 
miinmum clear distance between parallel bars shall be times the diameter 
of round bars or times the diagonal of square bars, and bars paraUel to 
the face of any member shall be embedded a dear distance of not less than 
one inch from the face. 


Wherever it is necessary to splice the reinforcement otherwise than as 
shown on the plans, tne character of the spHce shall be decided by the Engi- 
bond stress and the stress in the reinforcement at 
the i^int of sphce. Sphces shaU not be made at points of maximum stress 
nor shall adjacent bars be spliced at the same point. 

the provide snffident lap to transfer 

intended for bonding with future extensions 
Shall be protected from corrosion. 
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29. Joints 

(a) When necessary to provide construction joints not indicated or 
specified, such joints shall be located and formed so as not to impair the 
strength and to impair least the appearance of the structure. Where con- 
ditions require, the joints shall be reinforced as directed by the Engineer 
in order to secure the necessaiy bond strength. Horizontal construction 
joints shall be prepared at the time the work is interrupted by thoroughly 
roughening the surface and providing keys or mortises, or by means of 
steel dowels set substantially at right angles to the plane of the joint. 

(b) To prevent laitance in horizontal joints, excess water shall be 
remov^ from the surface forming the joint after depositing the concrete. 
Surfaces of contact shall be cleaned and wetted before depositing is re- 
sumed, and any laitance shall be removed. 

(c) Where girders, beams and slabs are designed to be monolithic 
with walls and columns they shall not be cast until four hours after 
completion of the waJls or columns in order to permit of shrinkage or 
settlement. In case the columns are structural steel incased in con- 
crete, the lapse of time to allow for shrinkage or settlement need not be 
observed. 

Joints in columns shall be made at the underside of the floor. Haunches 
and column capitals shall be considered as part of and to act continuous with 
the floor. At least four hours must elapse after depositing concrete in the 
columns or walls before depositing m beams, girders or slabs. 

Construction joints in floors shall be located near the middle of spans of 
slabs, beams or ^ders, unless a beam intersects a girder at this point, in 
which case the joints in the girders shall be offset a distance equal to twice 
the width of the beam. Adequate provision shall be made for shear by use 
of inclined reinforcement. 

Where watertight joints are required, sheet lead or other metal not less 
than six inches wide and extending the full length of the joint shall be im- 
bedded equally in the two deposits of concrete. 

30. Expansion Joints 

At all expansion joints, the structure adjacent to the joint shall pre- 
ferably be supported on separate columns or walls. Reinforcement shall not 
extend across an expansion joint; the break between the two sections shall 
be complete. Exposed edges of expmision joints in walls or abutments shall 
be rounded. Exposed expansion joints between two distinct concrete mem- 
bers shall be filled with an elastic joint filler of approved quality, 

31. Finish 

Immediately after the forms are removed, if there should be found any 
small pits or openings on the exposed surface of the concrete above ground or 
if bolts are us^ for securing the forms, the ends of which on removal, leave 
small holes, all such holes, pits, etc., ^all be neatly stopped »with pointing 
mortar of cement and fine aggregate in same proportions as used in the con- 
crete. This mortar shall be mixed in small quantities and shall be used be- 
tore same shall begin to set. 

Exposed surfaces shall be made smooth. Horizontal surfaces sb^n be 
level unless otherwise shown on the drawings, and shall be leveled with 
sti^ht edges. AH beveled surfaces and w^es shall be made true and 
uniform. 

Exposed surfaces shall be finished as follows: The coarse aggr^ate shall 
be carefully worked back from the forms into the mass of the concrete with 
spades, fine stone forks, or other suitable tools, sufficient only to bring a 
surface of mortar against the form. Care should be taken to remove all air 
pockets and to prevent voids in the surface. 

The forms shall be carefully removed from the surface to be finished as 
early as practicable, aU joint marks, projections and inequalities chipped off 
and all voids filled with mortar made of the same proportions of cement 
and sand as those of the concrete. 
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These surfaces shall then be thoroughly wet with water, and while wet 
rubbed to a smooth uniform finish with a brick made of one part Portland 
cement and two (2) parts or two and one-half (2J4) parts sand, or with a 
No. 3 Carborundum brick followed by a No. 30 or with a No. 24 Car- 
borundum brick, as may be necessary to obtain the desired degree of smooth- 
ness. 

No mortar or cement shall be applied except to fill distinct voids in the 
surface. Uneven places shall be smoothed by rubbing down and not by 
petering. The surface shall be kept moist and protected from rapid drying 
for not less than three (3; days. 

Top surfaces not subject to wear shall be smoothed with a wood float 
and be kept wet for at least seven days. Care shall be taken to avoid an 
excess of water in the concrete, and to drain or otherwise promptly remove 
any water that comes to the surface. Dry cement, or a dry mixture of 
cement and sand, not be sprinkled directly on the surface. 

Aggregates for the wearing surface in one-course work shall have a high 
resistance to abrasion, and shall be screened and when necessary thoroughly 
washed. The least quantity of mixing water that will produce a dense con- 
crete shall be used. The mix shall not be leaner than one part of Portland 
cement and 2 ^/^ parts of aggregate. The surface shall be screeded even and 
finished with a wooden float. Excess water shall be promptly drained or 
otherwise removed- Overtroweling shall be avoided. 

The wearing surface in two-course work shall be placed within one-half 
hour after the base course. Where the wearing surface is required to be ap- 
plied to a hardened base course, the latter shall be prepared by roughening 
with a pick or other effective tool. The roughened sui^ce shall be thoroughly 
saturate with water and covered with a thin layer of neat cement paste im- 
mediately before the wearing surface is placed. The wearing course shall not 
be thinner than one inch. 

Concrete wearing surfaces of roads and pavement made in accordance with 
Sections 74 and 75, ^all be kept wet for at least 21 days. 

32. General Conditions 

All materials entering into the work and all methods used by the Con- 
tractor shall be subject to the approval of the Engineer and no part of the 
work will be considered as finally accepted until all of the work is completed. 

The General Conditions as given in Section 1 of this specification shall be 
considered to apply with equal force to this section of the specification. 


Appendix C 

(3) PREPARATION OF SPECIFICATIONS FOR BUILD- 
• INGS FOR RAILWAY PURPOSES 


F. R. Judd, Chairman, Sub-Committee; G. A. Belden, A. M. Knowles, J. W. 

Orrock, B. R. Rosenberg, A. T. Upson. 

Specifications submitted as information to the 1930 Convention were pub- 
lished in Bulletin 323, pages 1204 to 1224 inclusive, under Appendix D. 

It is now reco mme nded that a portion of these specifications be adopted 
for publication in the Manual as follows: Section 19-F, Oil Burning Equip- 
ment; Section 24- A, Sheet Asphalt Pavements; Section 24-B, Asphalt Mastic 
Floors. 

It is recommended, however, that instead of Article 4 of Specification 
24-B, Asphalt Mastic Floors, as appearing in Bulletin 323, the following be 
substituted: 
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4-Mastic Slabs: 

The mastic slabs shall be made from asphaltic cement and well 
graded, specially prepared mineral aggregate, both as specified here- 
inafter. The asphaltic cement and the aggregate shall be mixed in 
such proportions that the resulting mastic slab shall contain, by 
weight, from 12 per cent to 18 per cent bitumen. The mastic slab 
shall be delivered to the site of the work in convenient sizes for 
easy handling. 

The Committee is holding in abeyance for further criticism and con- 
sideration specifications published in Bulletin 323, as follows: 

Section lOD, Types D1 and D2, Asphalt Impregnated Felt Roof- 
ing over wood or precast gypsum and over concrete or poured 
gypsum respectively; and 

Section 28, Hydraulic Elevators, Baggage and Freight. 

The Committee now has in course of preparation Specifications for Re- 
inforced Concrete Chimneys, Steel Chimneys, Electrically Operated Freight 
Elevators, Wood Door and Window Screens, and two additional specifications 
for Asphalt Impregnated Asbestos Felt Roofing, to be submitted at later 
dates. 

The Committee recommends that this subject be reassigned for further 
study. 


Appendix D 

(4) WATERPROOFING AND DAMPPROOFING AS AP- 
PLIED TO EXISTING BUILDINGS, COLLABORATING 
WITH COMMITTEE VIII— MASONRY 

A. H. Morrill, Chairman, Sub- Committee; A. Fellheimer, Hugo Filippi, A. C. 
Irwin, W. N. Kennedy, C. L. Wenkenbach, J. C. Williams. 

The subject of waterproofing is being considered from other angles by 
two other committees, and though much work has been expended on the sub- 
ject during the past year, and representatives of this Committee have met 
and collaborated with other committees, no written report is offered at this 
time because of the fact that instructions have been issued to discontinue this 
subject, as it is to be reassigned to a Special Waterproofing Committee com- 
posed of members of Committees VI, Vlil and XV. 


Appendix E 

(5) VARIOUS TYPES OF TRAINSHEDS AND FACTORS 
CONTROLLING THEIR SELECTIONS 

G. A. Rodman, Chairman, Sub-Committee; E. R. Cott, E. A. Harrison, W. 
L. Lozier, D. T. Mack, F. P. Sisson. 

Questionnaires requesting information concerning general practice and 
experience of various roads have been circulated. 

Considerable information has been received and tabulated, but it is the 
desire of the Committee that this subject be reassigned for further study and 
report. 
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Appendix F 

(6) FREIGHT HOUSE DOORS 

J. W. Orrock, Chairman, Sub- Committee; A. C. Copland, Eli Christiansen, 

E. H. Dresser, R. E. Mohr, J. C. Williams. 

Questionnaires have been submitted to various railroads seeking informa- 
tion regarding their standard practice and experience with freight house doors. 
Much information has been received and tabulated, but, as more information 
is expected, it is the desire of the Committee that this subject be reassigned for 
further study. 

Appendix G 

(7) STANDARDIZATION OF METAL BUILDINGS AND 

PARTS 

F. L. lyjey, Chairman, Sub-Committee; G. A. Belden, E. W. Boots, J. H. 

Davison, A. H. Morrill, G. A. Rodman, A. T. Upson. 

One story, all metal buildings, now being produced in quantity produc- 
tion units by various manufacturers, are suitable for certain classes of railroad 
work. 

Buildings of this character may be dismantled and re-assembled in an- 
other location if so desired. 

They are fire resistive and being manufactured in standard units of 
width and length gives flexibility to the layout. 

Minor variations from these standards may be made to provide for light 
shafting, troBey crane, beams, etc., and Where desired special panel lengths 
may be obtained. 

The windows, doors, ventilators, skylights, etc., are of standard types for 
these buildings. 

The standard units and parts are fabricated in the manufacturer’s shop 
and may be readily erected by Company forces if so desired. The typical 
roof and side sheets, etc., are so designed that they are weatherproof, and 
when it is desired the building may be lined with wood, gypsum board or 
paper board for finish and insulation. 

Galvanized steel frame units are obtainable for these buildings. 

. Units are designed for clear spans up to 100 feet, with or without moni- 
tors. On the wider sections, when convenient, interior posts are used. Saw 
tooth types are also obtainable. 

The foBowing is a suggested specification: 

The Contractor ^aB furnish aB labor, materials, tools and equipment 
necessary to entirely complete a standardized t 3 pe of metal building as herein 
specified and as called for on the drawing. 

The building shall be feet by feet, feet to 

eaves, of manufacture to be approved, and shall be of steel frame, designed 
to cany a roof live load of at least 25 lb. per sq. ft. unless otherwise specified 
on the drawings, and the design shaB be in accordance with A.R.E.A. Speci- 
fications for Stresses in Structural Steel and Iron for Railway Buildings as 
set forth in Section 12-A, page 332 of the 1929 Manual of the Association, 
and subsequent revisions, or shall meet the requirements of local building 
codes where they exceed the above specifications. 
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The side wall and roof sheets shall be of approved sheets, with eaves 
and ridge covers to suit. 

All sash and doors shall be of Manufacturer’s standard sizes and types, 
pivoted, projected, fixed, etc., equipped with necessary hardware and glazed 
as indicated. 

Buildings shall have side sheets of not less than 22 gauge and roof sheets 
of not less than 20 gauge, unless otherwise specified, and shall be of genuine 
wrought iron, copper bearing or other rust resisting alloy as indicated. 

Provide as indicated on plans for fixed or ventilating skylights, ventila- 
tors, smoke jacks, etc. 

Metal partitions shall be constructed as indicated on the plans. 

AH metal parts or units unless galvanized shall be given a shop coat of 
red lead. 

Proposals shall be accompanied by general drawings furnished by the 
Manufacturer showing size of members and such details as will illustrate fully 
what it is proposed to furnish. 

Successful Contractor shall furnish, for approval, full details and shall 
not assemble the work until such approval is received. He shall also provide 
plan showing anchor belt spacing and such details as necessary for foundation. 

Unless otherwise specified, construction of foundations, painting and field 
erection, shall be done by the Railroad Company. 


Appendix H 

(8) USE OF WELDING IN BUILDINGS, COLLABORATING 
WITH COMMITTEE XV-— IRON AND STEEL STRUC- 
TURES 

Hugo FHippi, Chairman, Sub -Committee; E. W. Boots, F. M. Davison, A. 
FeHheimer, F. R. Judd, F. L. Riley, C. L. Wenkenbach. 

The practicability of welding, zis a safe method of uniting component parts 
of a member and of combining intersecting members into a rigid structural 
system, has commanded attention for a number of years. Until recently, how- 
ever, a lack of detailed information on the subject and of competent test data 
on the actual strength and behavior of welded joints has prevented a general 
acceptance of welding as a method suitable to building work. While much 
research work yet remains to be done, it is fair to say that the use of welded 
connections has become common. Seventy-nine cities in the United States 
have adopted building codes which permit fusion welding and the use of that 
method is no longer restricted to unimportant structures. One of the latest 
buildings to be erected almost wholly with welded connections is the 19 story 
of&ce building of the Dallas Power & Light Company, at Dallas, Texas. It 
should be understood, however, that welded steel building construction may 
be safely undertaken only when the work is done in strict compliance with 
sound specifications, by thoroughly experienced operators, in accordance with 
drawings and specifications prepared by competent engineers, and is intelli- 
gently supervised. When these precautions are observed, the design and fabri- 
cation of welded steel members and connections for buildings may be under- 
taken with confidence. 
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There are in use today a number of distinct welding processes. A classi- 
fication of these processes is indicated in Fig. 1. 
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Forge Welding. — ^The pieces to be united are heated to the correct tem- 
perature and xmited mechanically by hand, under a drop hammer, or by pass- 
ing through rolls. 

Pressure Welding. — ^This type of weld may be made (a) chemically, 
through the use of thermit or (b) electrically, using alternating or direct cur- 
rent. 

In Thermit Welding, the necessary heat is produced chemically by the 
combustion of iron oxide and powdered aluminum, which two materials when 
ignited, release molten metal and raise to a fusion temperature the base metal 
with which they come in contact, thereby forming a solid weld when the 
pieces are properly arranged. In some instances, pressure is then applied to 
the parts to be welded. 

In Resistance Welding, the pieces to be united are placed in contact or 
nearly so and heat is generated by an electrical current passed across the junc- 
tion. Due to the imperfect or incomplete contact of the two pieces of metal 
to be welded, a high electrical resistance is created, the base metals are highly 
heated and become plastic. Pressure is then applied to form the weld. This 
process is co mm only used in fabricating shops for welding sheet metal, metal 
lumber and other shapes of small cross-section. 

Fusion Welding. — ^Except in isolated cases, this method only is used in 
building construction. It may be divided into three general classifications : 

1. Electric arc (Metallic arc, carbon arc or graphite arc) 

2. Gas (Oxy-acetylene) 

3. Thermit (Chemical) 

In the Arc Process oe Welding, the pieces of base metal to be united are 
heated by means of an electric arc. Thisi arc is formed between the work to 
be welded and a suitable electrode or electrodes held in the operator’s hand 
or in a machine. The electrode may. be either a single piece of welding rod, 
in which case the process is known as Metallic Arc Welding, or the dectrode 
may be carbon or graphite rod or rods, in which case the process is known as 
Carbon Arc Welding. In either case, the arc instantly heats to the melting 
point, a small area of the base metal. In the metallic arc method, the current 
passes between the work to be welded and the dectrode and as it does so an 
arc is formed, the tip of the fiUer rod gradually melts off and supplies the 
necessary metal for the actual weld. 

In the Carbon Arc Process, dther one or two electrodes, of carbon or of 
graphite, are used. The electric arc, which passes between the two carbon 
dectrodes, or between the electrodes and the work, creates the necessary heat 
for fusing the base metal, as well as for fusing a metallic fiUer rod if one is 
used, in which latter case the actual weld is formed as the end of the metallic 
filler rod gradually melts down and deposits its metal on the joint to be wdded. 

The metallic arc method, however, possesses definite advantages since this 
method can be used regardless of the position of the base metal to be wdded, 
whereas the carbon arc process cannot be used for wdding vertical or overhead 
joints. Metallic arc welding is therefore more generally used than any other 
process at the present time and it is of interest to note that, with few excep- 
tions, aU of the major buildings and structures fabricated and erected with 
wdded joints during the past few years have made use of the dectric metallic 
arc wdding process. 
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Gas Weixjing (also called oxy-acetylene welding) makes use of a flame pro- 
duced by the combustion of a mixture of oxygen and acetylene gases under 
pressure. The resulting flame action is used as the medium for heating the 
surface to be welded and the metal required for the weld itself is supplied at 
the welding point by melting a filler rod held in the flame. This method is 
extensively used for repair work, and for certain industrial operations, but its 
use in the fabrication and erection of steel work for buildings is as yet not as 
common as electric arc welding. 

Thermit Welding. — Because this method or process is so little used in 
building construction, no further discussion here is warranted. 

As a primary introduction to the study of welding, there follows a gen- 
eral list of welding terms. This list was prepared by a Committee of the 
American Welding Society: 

1. Weld. — ^A localized consolidation 
of metals. 

2. Welding Process. — h e method 
used to produce a weld. 

3. Forge Welding. — ^A process of 
welding metals in the plastic state 
by means of manual or mechani- 
cal hammering. This process in- 
cludes Blacksmith Welding, Ham- 
mer Welding and Roll Welding. 

4. Pressure Welding. — ^A process of 
welding metals in the highly plas- 
tic and/or molten states, by 
means of mechanical pressure. 

This process includes Resistance 
and Pressure Thermit Welding. 

5. Fusion Welding. — ^A process of 
welding metals in the molten, or 
molten and vaporous state with- 
out the application of mechanical 
pressure or blows. This process 
includes Gas, Arc and Fusion 
Thermit Welding. 


6. Base Metal. — The parent mate- 
rial welded or cut. 

7. Joint. — T hat portion of a struc- 
ture wherein separate base metal 
parts are united. 

8. Welded Joint. — A joint wherein 
separate base met^ parts are 
united by one or more independ- 
^t welds. 

9. Ttpe of Joint. — Joint dassiflca- 
tion based on the rdative move- 

-ment and/or deformation of its 
parts during wdding. 
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10. Form of Joint. — ^Joint classifica- 
tion based on the arrangement 
and cross-sectional shape of the 
component parts of the joint, ir- 
respective of the form or number 
of welds used to joint said parts. 


11. Composite Joint. — joint where- 
in welding or some other thermal 
process of joining metals is used 
in conjunction with a mechanical 
process to unite the separate base 
metal parts. See Fig. 2. 


12. Composite Structure. — struc- 
ture wherein more than one 
method of joining its parts is 
used. See Fig. 2. 


13. CxosED Joint. — ^A term applied to 
a joint having its edges or sur- 
faces in contact during welding. 
See Fig. 3. 



COMPOSITE STRUCTURE 


FIGURE 2 
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CLOSED JOINTS 

FIGURE 3 


14. . Open Joint, — term applied to a 
joint having its edges or surfaces 
spaced apart. See Fig. 4. 



OPEN JOINTS 


FIGURE 4 


IS. Edge Joint. — ^A term applied to a 
joint obtained by the placement 
of a surface of one base metal 
part on a surface of another base 
metal part in such a manner that 
the weld joining the parts is with- 
in the outer surface planes of both 
of the parts joined. See Fig. 5. 


/yf^ / 

EDGE JOINT 

FIGURE 5 
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16. Butt Joint. — term applied to 
' a form of joint obtained by the 
placement of one base metal part 
on another base metal part, in 
such a manner that the weld join- 
ing the parts is between the sur- 
face planes of both of the parts 
joined. See Fig. 6. 



BUTT JOINT 


FIGURE 6 


17. Lap Joint. — term applied to a 
form of joint obtained by the 
overlapping of base metal parts, 
the overlapping surfaces being in 
the same plane. See Fig. 7. 



LAP JOINT 


FIGURE 7 


18. Corner Joint. — ^A term applied to 
a form of joint obtained by the 
angular placement of an edge of 
one base metal part on an edge or 
surface of another base metal part 
in such a manner that neither 
part extends beyond the outer 
surface plane of the other part 
joined. See Fig. 8. 



CORNER JOINT 


FIGURE 8 


19. Tee Joint. — ^A term applied to a 
form of joint obtained by the 
angular placement of an edge of 
one base metal part on a surface 
of another base metal part in 
such a manner that this surface 
extends on both sides of the joint. 
See Fig. 9. 



TEE JOINT 


FIGURE 9 



B gildings 


S6S 


20. Form of Weld . — Weld classifica- 
tion based on the arrangement 
and cross-sectional shape of its 
component base metal parts, irre- 
spective of the type or form of 
joint in which it is incorporated. 



21. Manual Weld. — weld made by 
an operator unaided by mechani- 
cally guided welding tools. 


22. Automatic Weld. — ^A weld made 
by the aid of automatic equip- 
ment. 



FIGURE 10 


23. Semi-Automatic Weld. — ^A weld 
made partially by automatic 
equipment and partially by man- 
ual means. 


24. Full Automatic Weld. — ^A weld 
made entirely by automatic equip - 


25. Root. — ^The zone at the bottom 
of the cross-sectional space pro- 
vided to contain fusion weld. See 
Figs. 10 and 14. 

26. Root Edge. — ^The joint edge at 
the bottom of the cross-sectional 
space provided to contain a fusion 
weld. See Fig. 11. 


27. Root Face. — ^A Joint surface of 
relatively small dimensions at the 
bottom of the cross-sectional space 
provided to contain a weld. See 
Fig. 12. 


28. Throat. — ^The minimum thickness 
of a fusion weld along a straight 
line passing through its root. See 
Figs. 10 and 14. Note; — ^This 
definition is sometimes restricted 
so as to specifically exclude rein- 
forcement. 
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30. Toe. — ^The edge of a fusion weld 
formed by the intersection of a 
face and the base metal. See Figs. 
10 and 14. 


31. Layer. — A stratum of weld metal 
of a fusion weld and consis^g of 
one or more beads depending on 
the dimensions of the weld and 
the welding technic employed. See 
Fig. 13. 



FIGURE 13 


32. Leg. — One of the fusion surfaces 
of a Met weld. See Fig. 14. 


33. CoimNxriTY. — A term used to des- 
ignate the linear distribution of a 
weld in a welded joint. 



FIGURE 14 


34. Continuous Weld, — weld of 
unbroken continuity. See Fig. 13. 
Note: — ^AU welds are understood 
to be continuous unless otherwise 
specified. 
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CONTINUOUS WELD 


FIGURE 15 


35. Intermittent Weld. — ^A weld of 
broken continuity. See Fig. 16. 


tx XX XXX XX x; 


INTERMITTENT WELD 


FIGURE 16 
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36. Tack Weld. — An intermittent 
weld used for assembly purposes 
only. See Fig. 17. 
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TACK WELD 

FIGURE 17 


37. Strength Weld. — A weld intended 
to develop a predetermined 
strength. 


38. Caulk Weld. — A weld intended 
to seal a joint. 


39. C03S1P0SITE Weld. — ^A weld com- 
plying with the requirements for 
both strength and caulk welds. 


40. Ripple Weld. — ^A gas or arc weld 
having a surface similar to that 
produced by dropping a stone into 
still water. 


41. Finished Weld. — ^A weld, the 
natural exposed surface of which 
has been modified by mechanical 
or thermal means to improve its 
appearance. 


42. Flush. — ^A term applied to the 
exposed surfaces of fusion butt 
welds when the surface of the 
weld is even with at least one of 
the surfaces of the base metal 
parts joined. See Fig. 18. 


43. Reinforcement. — ^Weld metal in 
excess of that required for stand- 
ard fillet and flush butt welds. 
See Figs. 10 and 14. 



FLUSH WELDS 


FIGURE iS 


44. Reinforced. — ^A term applied to a 
weld provided with reinforcement. 
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5. Collar. — The excess metal of a 
completed fusion thermit weld. 
See Fig. 19. 
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COLLAR WELD 


FIGURE 19 


r6. Concave. — h. term applied to a 
fusion butt weld when its throat 
thickness is less than the thick- 
ness of the thinner part joined, 
and to a fillet weld when its 
throat thickness is less than the 
thickness of the throat of a stand- 
ard JMlet weld. See Fig. 20. 



FIGURE 20 


M. Flat Weld. — K butt or fillet weld 
made by the fusion welding 
process with its linear direction 
horizontal or inclined at an angle 
of 45° or less to the horizontal, 
the weld being made on the upper 
or top side of the parts joined. 
See Fig. 21. 




FLAT WELD 


FIGURE 21 


48. Vertical Weld. — A butt or fillet 
weld made by the fusion welding 
process with its linear direction 
vertical or inclined at an angle 
less than 45° to the vertical. See 
Fig. 22. 



FIGURE 22 




49. Overhead Weld. — butt or fillet 
weld made by the fusion welding 
process with its linear direction 
horizontal or inclined to an angle 
less than 45° to the horizontal, 
the weld being made on the lower 
or under side of the parts joined. 
See Fig. 23. 





OVERHEAD WELD 

FIGURE 23 


50. Horizontal Weld. — A bead or a 
butt weld made by the fusion 
welding process with its linear 
direction horizontal or inclined at 
an angle less than 45° to the hori- 
zontal, the parts welded being 
vertically or approximately verti- 
cally disposed. See Fig. 24, 



51. Edge Weld. — K form of weld 
whose throat lies in a plane dis- 
posed approximately in the same 
plane as the surfaces of the parts 
joined. See Fig. 25. 


FIGURE 24 


EDGE WELD 


FIGURE 25 


52. Butt Weld. — A form of weld 
whose throat lies in a plane dis- 
posed approximately ninety de- 
grees (90°) with respect to the 
surfaces of at least one of the 
parts joined. See Fig. 26. 



BUTT WELDS 


FIGURE 26 
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S3. Fillet Weld, — A form of fusion 
weld of approximately triangular 
cross-section, and whose throat 
lies in a plane disposed approxi- 
mately forty-five degrees (45®) 
with respect to the surfaces of the 



parts joined. See Fig. 27. 

54. Filuer Metal. — ^Material specially 
prepared for addition to the weld 
in some forms of the fusion weld- 
ing processes. (See Welding rod, 
electrode and thermit mixture). 



55. Weld Metal. — ^The material com- 
posing the weld. (See Weld Metal 
Zone, Deposited Metal Zone, and 
Fusion Zone.) 

56. Deposited Metal. — ^Filler metal 
which has been melted by a fusion 
welding process. (See Filler 
metal.) 



F1LLE.T WELDS 


FIGURE 27 


57. Weld Metal Zone. — That portion 
or area of a weld which has been 
heated to the plastic, molten or 
vapor states. See Fig. 28. 


58. Fumon Zone. — ^That portion or 
area of the weld metal zone bor- 
dering on the unmelted base metal. 
See Fig- 28. 



FORGE WELD 


59. Deposited Metal Zone. — ^That 
portion or area of the weld metal 
zone of a fusion weld external to 
the original surface or edge planes 
provide for the weld and con- 
sisting substantially of deposited 
metal. See Fig. 28. " 



B 

PRESSURE WELD 


60. Repined Zone. — ^That portion or 
area of the base metal bordering 
on the fusion zone wherein grain 
refinement has taken place due to 
the welding heat. See Fig. 28. 
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61. Unatpected Zone. — ^That portion 
or area of the base metal outside 
of the refined zone wherein no 
change in grain size has taken 
place. See Fig, 28. 



NO filler metal used 






62. Weuj PENEtRATiON. — A dimen- 

sional esqpiession of the dep^ of 
the fusion zone below the original 
surface or edge planes of the base 
metal. 


63. Heat Penetration. — ^The com- 
bined depths of the fusion and re- 
fined zones below the original sur- 
face or edge planes of the base 
metal. 



NO FILLER METALLISED 



FUSION WELDS 

64. Crater. — convex depression in WELDING ZONE AREAS 
the fusion area of a weld indicat- 

ing the depth of fusion, FIGURE 2S 


65. Gas Pocket. — A cavity in a weld 
caused by the trapping of gases 
liberated by the metal when cool- 
ing. 

66. Slag Inclusion. — Non-metallic 
material entrapped in the weld. 


67. Neutral Flame. — A welding 
flame wherein the correct propor- 
tions of gases are supplied to the 
flame for perfect combustion. Sec 
Fig. 29. 



NEUTRAL FLAME 


FIGURE 29 


68. Carbonizing Flame. — A welding 
flame having acetylene in excess 
of that required to produce a neu- 
tral flame. See Fig. 30. 



CARBONIZING FLAME 


FIGURE 30 
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69. Oxidizing Flam ^. — welding 
flame having oxygen in excess of 
that required to produce a neutral 
flame. See Fig. 31. 

70. Cone. — That part of the welding 
flame which is conical in shape 
and next to the orifice of the tip. 
This is the hottest part of the 
flame. See Figs. 29 and 31. 

71. Back Fire. — ^Momentary retro- 
gression of a torch flame into the 
torch tip, the gases re-igniting im- 
mediately following the with- 
drawal of the tip from the work 
although the use of a lighter is 
sometimes necessary. In either 
case no adjustment of the torch 
valves is required. Sometimes 
termed Preignition. 

72. Flashback. — ^Retrogression of a 
torch flame into the mixing cham- 
ber or acetylene passage of the 
torch accompanied by a hissing or 
squealing sound and smoky, sharp- 
pointed flame of small volume, 
necessitating the immediate cutting 
off of the gas supply to prevent 
excessive heating and possible de- 
struction of the torch head. A 
flashback usually requires the 
torch head to be cooled before the 
torch is re-lighted. 

73. Rate of Flame Propogation. 

The speed at which a mixture of 
gases bum. 

74. Thermit Reaction. — ^T h e self- 
propagating exothermic reaction 
between iron oxide and aluminum 
which results in the formation of 
highly superheated liquid iron and 
aluminum oxide. 

75. Weld Size.— A dimensional ex- 
pression of the cross-section de- 
signed value of the weld. The 
size of a fillet weld made by the 
g^ and arc welding processes is 
the designed length of its legs, and 
the size of a butt weld, made by 
the^ gas and arc welding processes, 

IS Its net or unreinforced throat 
dunension in inches. 

76. Weld Length. — ^A dimensional ex- 
pression of the unbroken length of 
the weld. The length of a gas or 
arc weld is the length of the full 
cross-section of the weld, exclusive 
of the length of any craters. 



OXYDIZING FLAME 


FIGURE -31 
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77. Thermal Stress. — ^The stress or 
stresses produced in a welded 
joint, welded structure or part cut 
by the heat of welding or cutting. 

78. Residual Stress. — ^The stress or 
stresses remaining in a welded 
joint, welded structure or part, 
cut on completion of welding or 
cutting. 

79. Test Specime:n. — ^Material speci- 
ally prepared for test purposes. 

80. Base Metal Test Specimeu’. — 
test specimen composed wholly of 
base metal. 

81. Filler Metal Test Specimen. — 
A test specimen composed wholly 
of filler metal. 


82. Weld Metal Test Specimen. — ^A 
test specimen having one or more 
welds with component base metal 
parts so shaped as to compel fail- 
ure to take place in the weld 
metal. See Fig. 32. 


83. Welded Joint Test Specimen.-— 
A test specimen having one or 
more welds and primarily intended 
to compare the strength of the 
welded joint with that of the base 
metal. 


84. Deposited Metal Test Specimen. 
— ^A test specimen substantially 
composed of deposited metal. See 
Fig. 33. 

85. Soldering. — The coating, in the 
molten state, of an alloy of lead 
and tin, on the surface of metals 
of a higher melting point. This 
process is used to coat the surface 
of metals or to join separate base 
metal parts. 



WELD METAL TEST SPECIMEN 


FIGURE 32 





B 


DEPOSITED METAL TEST SPECIMEN 


FIGURE 33 
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86. Brazing. — ^The amalgamation in 
the molten state of soft brass with 
the surface of metals of a higher 
melting point. It is a hard solder- 
ing process, and is sometimes used 
to build up a surface layer of 
brass or to join separate ferrous 
or non-ferrous base metal parts. 


87. Bronze Welding. — trade term 
for the application of bronze or 
brass to base metal of a higher 
melting point in essentially the 
same manner as in fusion weld- 
ing. 
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LENGTH OF FILLET 

FIGURE 34 - TESTS OF 173 SPECIMENS OF METAL ARC WELDS 









WELDING SYMBOLS 


, ^ /?e//7/orce/77ej^/ 

/^//&/ lYe/c/ of jbcr// /Vo/c/ 

1. /Vs err ^/c/s 1< x ST" x - X X 

2 , ferr S/c/e ~? 7 7~ r ' - / ■ 

3 So/AxS/c/g^ X/XyX/ 

4. fVe/sf 6o/A 3/aVes ■ ■ ^'XTX^ 

5 . f/e/eV h/e/c/ 

6- PVe/e/ er// crro6//7c/ ^ ^ ~ — | 

7. ZJ// lye/cAs co/r///7</oc/s uo/ess o/Aer-M//ss specr/vee/. 

8. 3/zs of cr f/'Z/G/ tize/<y /s </SiS/^/7 /s/r^Z/r /fs 

9. 3/z:e,/errofZr o/rc/ C /o C ^spac//?o of //rcre/TrerrZs ojZ'//7fsr/r7//Zer7Z 
f///ef j^e/eVs /hc^/cafGc^ f/r£/^ : ^G-Z-e^/f^jAr^yerec/fZre/s '^-Z-6-S 

10 . /?s//7/^rcsc/ f///sZ iV^/o(s r/re/rioer/^c/ Z/Zc/^ : 

1 1 . DepM o/rs/rr/^rcs/Tye/rZ 0 Z 60 Z/ tve/cZs /heZ/c crZ^cZ ZZ c/3 : 

Z/o/oZZ p/reZ ky/eZ/Z /Z<Z/c:erZscZ ZZocs : 


IE. ^ 

♦ 

ZSZoZc: 


\Ses/VoZs I ZZ^ZcZ//7^ cASsaZ c// 7Z&^3 oZZsri^/he s^ec/Zy<^cZ 

^nGC/^ 0/7 ssZcr/77/p Z^s yys/cZ/h^ nnocs^SiS /t/cksZ e/(Z^/7~ 
>S/ \/Sj^ c/3eaZ yZz .' /rrsZerZ <o’/-'o^ '^C7i5, gZc. 

FIGURE 36 


SUGGESTED FORM OF STAMP 
TO BE USED fort 
SHOWING WELDED DETAILS 
ON 

DRAWINGS 





'^/e //7/€r/77yi^e/7/' f///cf tve/c/ < 7/7 

of JO// 7 /'/?au'/r 7 ^ // 7 C/-C^C/ 7 /i^ 2 *'/o/ 7 _^^ 
3 / 3 C 7 cec/ €" C, /o C. 



^’'^^£7/7c/or/ie/ f/Zcf tve/<f /b 6e /77a<fe //? / 
f/s/cZ 0/7 / 7 ^C 7 r'^/e/ff of yo//?/: 

sSAy/?e/o/oZ 00/7 Ahc/oc/^ /yy/e/" tvo/aZ 


Note: — 

J. S/'i/e s/ze ancZ co/yf/hcf/yy offye/ay/yor-^. ^See ^x<y/77/D/es 
Z, S/iOiv tSy/ 77 /boy for yo cot/ 0/7 foro. Soe exy/TipysKS. 


FIGURE 37 


CONVENTIONAL WELDING SYMBOLS 
FOR 

FILLET WPLDS 


AMERICAN WELDING SOCIETY 











I /y^h^/c//^^ co/7s/</s/iec/'e^e/7/i^a/^^€>c/j^/i^£/^: %”x T 


j3£/^HXffA/A<yix//7a a^r'^//7^/x:^y7?e/7/ 0 x 7 /7^x7/^ ’S/a^c^ 
% e/<»e/3 cx/To' ^"/^^y/?/e>rce/77&/7/^ 0X7 /^r^/c/e . 


^ iw/</ co/T^Ar/ir^ oroe/x7e/ /y<yi^xx7^ O' 

X~e/X7/^/'OOX77&X7/' 0/7 7700/- ^/o<e, ^ '^C^. 


pt^e/e/ Ao Ae /77o<yo /x? /y 'e/c/ ^//A o' 

- r‘e// 7 yQ?/~ 00 X 770 X 7 /' 0 X 7 XX&O'X' , %"c/o<S/ 7 . 


^ ^x 'x 7 o/& y Atx/y pvxe/i/ iv//A o^ -ff ''r‘e/x 7 /bx-cox 77 CX 7 f 

A ox7^6o/yh^ y. 

A/oye • -: , 

J. Gxyco/^e o/'rs/x?^j-ce/77Cx7yAsxie xx 7 jhx777S oA xt^s/t/A o/- 0 x 70 ^ ptxx 'a^. 

Z, GxV^ ^xzo oyx'exx7A7XiC‘sx?7ex7y 0x7 /Z7/-^xx/e Acre, /7^<yy//^x~ex7y/7-a/77<j5x 'z<s 
of xnexxx^x-cexTpGxxy 0 x 7 x70orx“ •S‘x'<fo . . . 

3 . y>/£ 7 Ae ^eo-Aox 7 c/<oAe/cfr of^xx 7 fAex-& / 7 fsA<ar/ 7 o qAjoxx^ arc/ooo, o/ 7 C 7 cxx 7 ^ 
ofxxxof &e/o«fO e7x70^^x<ycr fro/Tx px'AxcrA Satxs/pc/xo oof oofxoc/^ Z%£*<^e>- 
pex^>3/o^o offye ^Ae-xhA t>txx//6e ixxxc/ox'^fxoef cx3 fAe /76cxx' 0 x 00 


FIGURE 38 

CONVENTIONAL WELDING SYMBOLS 
FOR 

BUTT WELDS 


AMERICAN WELDING SOCIETY 


A 
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At the 1930 meeting of the American Welding Society, the Structural Steel 
Welding Committee read a report in which it was stated that favorable progress 
is being made in the extensive research; program started several years ago by 
the Society on the strength of welded joints. The test program includes the 
preparation and test of 1677 specimens which were made up in 57 different 
types of joints of 191 different sizes. The task of fabricating these specimens 
has been divided among approximately 40 structural steel fabricating shops 
located throughout the United States. To date 1008 of these specimens have 
been made and completely tested. The welders who prepared the test joints 
were required to qualify in accordance with a procedure control plan formu- 
lated by the Committee. Their skill was not unusual but to qualify they were 
required to produce check test specimens averaging at least 45,000 lb. per 
square inch in the weld metal. In, the tests so far made, those welders who 
have qualified have produced welds averaging 54,020 lb. per square inch. 

An outstanding feature of the welds tested so far in the Research Com- 
mittee’s program is their uniformity.- It is reported that the results so far 
obtained from welds made at widely separated structural shops are so nearly 
the same, when reduced to a unit strength basis of pounds per linear inch of 
weld, that the concentration of plotted points forms an almost solid black spot 
on the charts. It is further reported that welds, made both by the gas and 
by the electric arc methods, show no marked difference in strength. 

From the data so far obtained it would appear that plate thickness has 
little effect on weld strengths j that butt welds show more variation than fillet 
welds, and that substantial uniformity and results may be expected in weld 
strengths when the operator is qualified In his work and when the work is 
done under established and well proven rules of procedure. 

As the result of a study made by the Bureau of Construction and Repair, 
Navy Department, and reported in the Engineering News-Record of May 1, 
1930, page 727, Leon C. Bibber, Senior Welding Engineer, has reached the 
following conclusions regarding the strength and performance of welded joints: 

(1) The legs of a fiUet, weld in tension are subjected to combined shear 

and tension, while the stress in the throat is pure tension. 

(2) The stress in the throat of a theoretical full fillet weld, in tension, is 

exactly twice the stress in the base metal. 

(3) The combined stress from shear and tension in the legs of a fillet 

weld in tension, equals 1.618 times the stress in the base metal. 

(4) In a theoretical 45-deg. fillet weld, the legs are capable of being 

somewhat stronger than the throat. 

(5) In welds with angles other than 45 degrees, the maximum efficiency 

of the parallel leg (leg parallel to direction of force) drops rapidly 

from infinity at a 0-degree angle to zero at a 90-degree angle, and 

below 60 degrees it exceeds that of the throat. 

(6) The efficiency of the transverse leg exceeds the throat at angles above 

50 degrees and equals that of the parallel leg at an angle of 45 

degrees. 

(7) Fun benefit from reinforcement cannot be obtained with theoretical 

fillet welds. 

(8) In lap joints, a width of lap of about five or six plate thicknesses is 

a good practical lap. 
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(9) Not obtaining metal-to-metal contact between the faying surfaces of 
fillet welds does not influence the strength of the weld. This is 
not true in a lap joint. 

(10) The increased strength of an actual weld (1/16 in. penetration) over 

a theoretical one can be considered as 20 per cent. 

(11) In tension, the 4S-degree fillet weld is the simplest, most efficient and 

the most economical form of fillet weld to use. 

In applying the theory to fillet welds in compression, the following con- 
clusions were drawn: 

(1) Conditions for compression are the exact opposite of those in tension, 

and therefore the throat of a fillet weld in compression is under 
pure compression and this stress is exactly twice that in the base 
metal. The legs are under combined shear and compression. The 

principal or combined stress is 1.618 times the stress in the base 

metal. 

(2) In compression there is no bond; the full strength of the weld metal 

would be developed if there were no connection between the base 
metal and the weld metal, and therefore a mean value to apply 
to the legs as a whole will depend upon the values of the weld 
metal in compression and the bond in the shear. Also, this mean 
value will depend upon the ratio of the areas in shear to those in 
compression; for the 4S-degree fillet, the areas are equal. 

(3) Reinforcement of fillet welds in compression is of value. 

(4) A fiUet-welded lap joint should not be used as a compression mem- 

ber imless the joint is so stiffened that it cannot move out of line. 

(5) Absence of metal-to-mctal contact between the faying surfaces has 

no effect on the strength of a fillet- welded joint in compression. 

(6) The increase in strength of an actual weld over a theoretical weld in 

compression can be taken as about SO per cent. 

DESIGN OF WELDED JOINTS 

The method used in determining the stress in members of a welded struc- 
ture is the same as would be used in a similar riveted structure. In a welded 
structure, however, it is perhaps more important thlit the center of gravity 
lines of intersecting members meet at a common point so that eccentricity 
and secondary stress may be avoided. Because of the adaptability of both 
standard and special shapes to welded work, greater freedom of selection is 
possible than in riveted work as, for example, the use of pipe and other not 
commonly employed shapes for web and main members. Having calculated 
the stresses in a member, the problem resolves itself into a determination of 
the type and length of weld to be used. From numerous competent tests al- 
ready made it has been determined that the ultimate strength of a 1/4 inch 
fillet weld is 10,500 lb. or more per linear inch; of a 5/16 inch fillet weld 
11,500 lb. or more per linear inch and of a 3/8 inch fillet weld 12,500 lb. or 
more per linear inch. It has been suggested by competent authorities, that the 
following unit values for electric arc welded joints are safe and may be used 
for design purposes: 
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1/4 in. fillet weld 2,000 lb. per linear inch 

S/16 in. fillet weld 2,500 lb. per linear inch 

3/8 in. fillet weld 3,000 lb. per linear inch 

Note; — Size of weld refers to leg dimension. See definition 75. 

These values are based on 173 tests of metallic arc welded joints of tlic 
types shown in Fig. 34 and provide a factor of safety of four or more. This 
figure also shows graphically the results of these tests. 

As an illustration of the method of calculation to be used in designing 
welded joints there follows in Fig. 35 an example of a typical computation. 
The reader is also referred to the article, “A Rational Method of Welded Con- 
nection Design”, by Andrew Vogel, Engineering News-Record, September 18, 
1930, page 445. 

In shop fabricating welded work, use is made of jigs specially designed to 
hold the individual members rigidly in place until the welding has been com- 
pleted, In the field, erection bolts or equivalent means should be employed for 
temporarily supporting the members and for insuring proper alinement. The 
importance of clean base metal cannot be overestimated and care must be 
taken to see that the surfaces of the members, at the point of welding, have 
been freed from detrimental foreign substances by pickling, by cleaning with 
a wire brush or by chipping or hammering. 

The rapid development of welding, as applied to building work, as well 
as its use in widely separated sections of the country, demands that sound 
rules of procedure be formulated as a basis for controlling welding design, 
shop practices and all field work. Such a set of rules, as complete as present 
knowledge permits, has been formulated as “A Code of Good Practice”, by the 
American Welding Society and is obtainable through that source. As an aid 
in the drafting room, standardized conventional symbols, Figs. 36, 37 and 38 
were also promulgated and approved by that Society, and are obtainable 
through its Secretary. 

So far as compiled records indicate, it would appear that quite a number 
of structures have been erected wholly or in part with welded members or 
connections. For ready reference, a list of the structures known to the Com- 
mittee is included in Exhibit A. It is recognized that this list may not be 
complete since additional welded structures are being erected at frequent in- 
tervals. 

The experience being gained daily in shop fabrication and in the field, 
coupled with the scientific data resulting from a well organized and compre- 
hensive program of scientific research, justifies the belief that welding, as a 
method of joining structural members, can now be used with confidence. Con- 
siderable progress has been made in the art during the last few years, and the 
future appears to hold the promise for continued activity. The proposed weld- * 
ing research program is of such a character that the structural designer should, 
at an early date, be in possession of the essential design data necessary for him 
to safely design welds for all types of joints. A great deal of research work 
yet remains to be done, however, before the effect of secondary stress, impact, 
torsion and other influences on welds are clearly understood. While welding 
appears to offer certain economic advantages, such as reduction in the weight 
of steelwork, available cost studies are as yet insufficient to justify definite 
conclusions or make possible fair cost comparisons. 
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The theory and practice of welding, as applied to the design, fabrication 
and erection of steel structures, is one of the outstanding developments of the 
steel industry during the last half century. Before it can be generally adopted, 
however, on a strictly competitive commercial basis, the fabricating shops of 
the country must necessarily be designed and equipped to accommodate the 
new type of work. The Engineering News-Record, in its issue of May IS, 
1930, page 792, has very ably summarized this situation in the following edi- 
torial: 


“When and if welding enters the structural field as a competitor 
of riveting on a tonnage basis, fabricating facilities, as we now know 
them, must undergo a radical change. There is no present prospect 
that riveting will be entirely displaced, and such changes as may come 
will, therefore, be represented by the establishment of special welding 
shops in fabricating plants. A valuable indication of basic require- 
ments for such a welding shop is given in an article in this issue of 
the magazine, describing a shop which has been revamped for welding, 
and in which several of the most important of our present welded 
buildings have been fabricated.’* 


Exhibit A 

PARTIAL LIST OF STRUCTURES IN THE UNITED STATES, BUILT 
WHOLLY OR IN PART WITH WELDED JOINTS 

California 

One-story building at Berkeley (Calif.). Built by Berkeley Construction 
Co. Dimensions SO ft. by 250 ft. Has two 10 -ton cranes. 

A 60,000 sq. ft. automotive shop for tlie Associated Oil Co. at Emeryville 
(Calif.), erected in 1928. 

All arc welded addition to Forest Lawn Mausoleum, Glendale (Calif.) . 
Pacific Coast Iron & Steel Co. contractors. Includes heaviest welded truss 
thus far built, 95 feet span, 18 feet high. Maximum chord stress nearlv 

1 , 000,900 lbs. 

Six-story addition to Pacific Mutual Life Insurance Building, 6 th St., Los 
Angeles (Calif.). Consolidated Steel Corp. 1929. Field connections welded, 
except minor joints, which were bolted. 

Twelve-story ofiBce building. Southern California Edison Co., Los Angeles 
(Calif.), by Consolidated Steel Corp. Work now starting. 75 to 80 per cent 
arc welded, balance shop riveted. Very large wind and earthquake bending 
stresses at column connections. About 3,000 tons of steel. 

One-story warehouse, 100 ft. wide, 220 ft. long, with a 10 - ft. lean-to on 
one side, are welded in 1928 for Capital Rice Mills, Sacramento (Calif.). 
Building has two main aisles on steel columns supporting roof trusses with 
50-ft. spans. 


Connecticut 

Shop building, 42 ft. long, 66 ft. wide, connecting existing building 44 
and 45 at Bridgeport (Conn.), plant of General Electric Co. Has four trusses 
of 64 ft. span supported on steel columns. Fabricated by American Bridge Co. 
Erected by Leak & Nelson Co., Bridgeport. Built 1928. 

Thames River Steam Power Plant of Eastern Connecticut Power Co., 
Montville (Conn.), provided in 1929 with additional steel wind bracing arc 
welded by United Engineers and Constructors, Building 60 ft. wide by 147 ft. 
long. 

Yale University Library, New Haven (Conn.), 150 ft. wide by 220 ft. 
long, 150 ft. high; supports for book stacks arc welded. Built 1928. 



S84 


Buildings 


Delaware 

Fourteen-story office building for the E. Dupont de Nemours Co. at Wil- 
mington, Delaware. 1,575 tons of structural steel, shop riveted and field 
welded. 


Florida 

Several one-story garages and other buildings, up to 117 ft. spans, arc 
welded by Arch Engineering & Construction Co. of Orlando (Fla.) . Includes 
packing plant 80 ft. by 225 ft. arc welded for Seaboard Airline Ry. Co. at 
Winter Garden (Fla.), also a packing house 117 ft. by 202 ft. 

Idaho 

Thirteen roof trusses of 50 ft. span; arc welded, 1929. Hecla Mining Co., 
Wallace (Idaho). 


Illinois 

Roof trusses over West Yard at Decatur (111.) plant of Mississippi Valley 
Structural Sted Co. Span 84 ft., both shop work and field splices welded. 

Mill Building, one story, built by C. B. & Q. R. R. at Eola (111.) . 

Warehouse for materials of Chicago District Plant of Mississippi Valley 
Structural Steel Co. at Melrose Park (111.). Trusses, columns and crane col- 
umns are all welded. Crane, 20-ton capacity, span 84 ft. Dimensions of 
building, 135 ft. by 340 ft. 

Two one-story buildings at Waukegan (111.). Built by General Boilers 
Company, one 25 ft. by 85 ft., the other 25 ft. by 50 ft. 

Maine 

Office and theatre building in Portland (Maine) has arc welded steel struts ; 
built 1928, by Lehigh Structural Steel Co. of Allentown, Pa. 

One-story factory building, arc welding, 1928, by Maine Steel Products 
Co., South Portland (Maine), erection and welding supervised by Manchester 
Engineering Co., Manchester, N. H. Building 60 ft. by 200 ft. with connect- 
ing eU 25 ft. by 80 ft. Main building has one aisle 44 ft. wide with five-ton 
crane and one side aisle 16 ft. wide with two-ton traveling hoist. Roof trusses 
and all other steel arc welded. No rivets or bolts used. 


Massachusetts 

Shop building No, 38 at Pittsfield (Mass.) plant of General Electric Co. 
Width 60 ft., length 270 ft. Three stories in part; one and two stories else- 
where. Fabricate and erected 1928 by American Bridge Co. 

14 story office building for the Boston Edison Co. 1314 tons of structural 
steel. Shop riveted and field welded. 


Michigan 

One-story building constructed in Detroit (Mich.) for Barnes Wire Fence 
Co. This structure was entirely field welded; no bolts or rivets were used. 

Steel frame of 25-story addition welded to original steel building of First 
National Bank Building in Detroit (Mich.) 1927. 

Fifteen-story steel frame addition to J. L. Hudson Co. Department Store, 
Detroit (Mich.) ; has steel frame of 12 lower stories welded to existing build- 
ing of same owner. 

Steel frame of twdve story addition welded to original steel building of 
Peoplfi^s Outfitting Co., Detroit (Mich.). 

Steel frame of four-story addition welded to original steel building of 
Detroit Trust Co. 



Buildings 


58S 


Welding employed in some connections for addition to Michigan Bell 
Telephone Budding in Detroit. 

Additional floor welded in between original roof and original top floor of 
Crowley, Miller & Co. Department Store, Detroit, 

Missotjei 

Building at St. Louis (Mo.), plant of Mississippi Valley Structural Steel 
Co. Dimensions 30 ft. by SO ft. All shop work welded; field work bolted. 

Roof trusses over West Yard at St. Louis (Mo.), plant of Mississippi Val- 
ley Structural Steel Co. Span 78 ft. 

Six-story building of brick and concrete built 1927-1928 by Columbian 
Steel Tank Co. for their own use in Kansas City (Mo.), has a roof of welded 
tubular construction. Roof is 93 ft. by 120 ft., supported on modified bow- 
string welded trusses with spans of 42 ft. from center column to each side wall. 

New Jersey 

Six story steam power house of Chalfont and Haddon Hall Hotels, Atlantic 
City, N. J.j built 1928 by Bethlehem Steel Co. Building 72 ft. wide, 79 ft. 
long, ISO ft. high. Steel tonnage, S41. All shop work on columns welded. 
All field connections of beams and girders at or within three feet of columns 
electrically welded, as were all column splices, and connections of new steel 
beams to steel columns in an adjoining building. Filling-in beams bolted. 

Eight story existing Bamberger Building, Newark, N. J., increased in 
height and existing columns strengthened by arc welding in 1929. 

New York 

Three stoiy and basement bank and office building. Tonawanda Power 
Company, North Tonawanda, N, Y., completely welded by Fort Pitt Bridge 
Works, 1928, 207 tons of steel. 

Heavy shop building, No. 49, General Electric Company, Schenectady, 
N. Y., had existing riveted crane runways strengthened and re-enforced by 
welding plate stiffeners to runway plate girder webs, by welding flange angles 
to webs, cover plates to flange angles, and by welding additional flange plates. 

Steel floor at Hershey Chocolate Co., New York, 24 ft. by 64 ft. 

Material shed building. Built 1920 by Electric Welding Co. of America 
in Brooklyn. Roof trusses, 40 ft. span; tested by Department of Buildings, 
City of New York. Has traveling crane. 

A 300-ton mill type building, 75 ft. by 260 ft. with a traveling crane 
erected by Carbide and Carbon Research Laboratories, Inc., in the plant of 
the Union Carbide Company, Niagara Falls (N. Y.) 1929. 

Ohio 

Garage building. Canton (Ohio) for Peerless Auto Sales Co. Two stories 
and basement. Building is 100 ft. by ISO ft. 

Roof trusses, oxy-acetylene welded at Cincinnati Prest-O-Lite plant in 
1926. Spans 27 to 48 ft, 

A four story Upper Carnegie Office Building, 60 ft. by 119 ft. erected by 
the Austin Company, Cleveland, for the Owners Investment Co., in 1928. Arc 
welded. Steel tonnage 115. No rivets or bolts used in the steel frame. 

Old factory building for the Lincoln Electric Co. at Cleveland. Consists 
of three stories and a basement and has vertical members welded; constructed 
in 1916. Building is 50 ft. by 130 ft. 

Factory building for the Lincoln Electric Co. at Cleveland, built in 1923. 
Floor area 225,000 square feet. Arc welded. 

Addition to factory building for the Lincoln Electric Co. at Cleveland, 
erected^ in 1929. Floor area 20,000 square feet. Crane mill type building, 
approximately 100 feet wide by 200 feet long, supporting 65 foot overhead 
travelling crane and enclosing a 2 track railroad siding. Arc welded. 
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Four stories added in 1928 to existing six story Rose Building, Cleveland 
(Ohio) ; old columns strengthened by arc welding. Forest City Structural Steel 
Co., Cleveland, fabricated, erected and welded the building. 

Building at Youngstown (Ohio) built 1926 by Youngstown Welding Co. 
Dimensions 70 ft. by 220 ft., carries traveling crane. All field erection welded; 
no bolts or rivets used. 


Pennsyivania 

One-stoiy' building, Derry (Pa.), built 1927 for Westinghouse Electric & 
Manufacturing Co. by Jones & Laughlin Steel Corp. Dimensions of building 
ISO ft. by 460 ft. -with a wing; 336 tons of steel. 

One-story building at East Pittsburgh Works of the Westinghouse Co. 
Bufit 1928 and 1927; 40 ft. by 100 ft. 

One-story garage at East Pittsburgh (Pa.) by Westinghouse Co. in 1926; 
60 ft. by 90 ft. 

Addition to chemical laboratory of Westinghouse Co. at East Pittsburgh 
(Pa.). 

Welded building and supporting structure for Westinghouse automatic 
parking station at East Pittsburgh. 110 ft. high, 125 tons of steel. 

Group of three Westinghouse buildings, East Pittsburgh (Pa.), one office 
type building 11 stories high, other buildings three stories and basement. 

Group of buildings from 1 to 4 stories, involving over 1,000 tons of steel, 
heavy floor construction and about 80 roof trusses, micarta plant of Westing- 
house Co., North Traflord (Pa.) 1929, Jones & Laughlin, contractor. 

Five story building at Sharon (Pa.) for Westinghouse Electric and Mfg. 
Co. Built 1926 by American Bridge Co. Live load 300 lbs. per sq. ft., 790 
tons of steel; 70 ft. wide, 220 ft. long, 80 ft. high. 

One-story building. Built at Sharon (Pa.) for Westinghouse Electric & 
Mfg. Co, in 1926. Building 40 ft. by 102 ft.; 27 tons of steel. Crane run- 
way for one ton crane. 

Shop Building No. 1, West Philadelphia (Pa.), plant of General Electric 
Co. Approximately 1,000 tons of beams, columns and trusses. Electrically 
welded, 1927-28, Shop 136^4 ft- wide by 551 ft. long, with a wing. Trusses 
5854 ft., 77 ft., and 78 ft. spans. Has bridge cranes and wall cranes. Fabri- 
cated, erected and welded by American Bridge Company. 

Rolling mill building at East Pittsburgh plant of Westinghouse Electric 
and Mfg. Co., 80 ft. by 120 ft. Roof trusses made entirely of “T” shapes. 
Steel tonnage, 65. 

State Armory, Kingston (Pa.), had some braces inserted by arc welding 
in 1928. 

Five story county office building and court house at Norristown, Mont- 
gomery County (Pa.) . 800 tons of steel arc welded, 1929, in field by Mellon, 
Taylor and Henrickson of Philadelphia. Building 58 ft. by 201 ft. Height 
94 ft. 


Rhode Island 

One-story shop, 53 ft. wide by 72 ft. long, erected 1928 in Providence 
(R. I.) by Providence Steel & Iron Co. for its own use. Roof trusses, 53 ft. 
span. 


Texas 

One-story garage at Dallas (Tex.), built by Dallas Power and Light Co. 
Two units, each 16 ft. by 140 ft. 

Remodeling of the Neiman Marcus Building in Dallas (Tex.). A four 
story mercantile building adjoining an existing structure wherein the connec- 
tions to the existing structure and reinforcement of its steel were done by 
fusion welding. 

Three large steel har^ars for Houston (Tex.) municipal airport. Each 
hangaris arch steel frame is 75 ft. wide, 12$ ft. long and approximately 50 ft. 
high. All steel was arc welded in 1928. No bolts or rivets used, 
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19 story office building for the Dallas Power and Light Co. at Dallas. 
1,400 tons of structural steel. Arc welded. 

14 story office building for the Dallas Gas Company at Dallas. Structure 
designed for 22 stories. 80 per cent of shop work and 100 per cent of field 
work arc welded. 1,000 tons of structural steel. Erected 1930. 

ViROnsriA 

New hotel building, 180 ft. high; 60 ft. by 72 ft.; built 1928 by American 
Bridge Co. for Hotel Homestead, Hot Springs (Va.). Eleven full stories in 
tower portion with smaller floors within sloping roof and cupola. Tower 
flanked either side by six story wings, 40 ft. by 47 ft. 360 tons of steel, arc 
welded in shop and field. 

One story steel frame building at Newport News Shipbuilding and Dry 
Dock Co., Newport News (Va.). Building 63 ft. by 33 ft.; carries completely 
welded ten ton fish belly crane. 


West Virginia 

Six story new addition to Ohio Valley General Hospital, Wheeling (W. 
Va.), erected by R. R. Kitchen Co., 1928, all field connections arc welded; 
shop work riveted. Steel tonnage ISO. 

Wisconsin 

Two additions, each a one story building, welded to original building of 
Chevrolet Motor Co. at Janesville (Wis.), 

Two story boiler shop at Schuster Boiler Works, Janesville (Wis.) . Build- 
ing 66 ft. wide by 86 ft. long. No bolts or rivets used. 

Welded trusses in building for Modem Power Device Co. at Port Wasli- 
ington (Wis.). 


Appendix I 

(9) FURNISH THE SPECIAL COMMITTEE ON CLEAR- 
ANCES THE INFORMATION REQUIRED BY IT PER- 
TAINING TO BUILDINGS 

O. G. Wilbur, Chairman, Sub-Committee; E. R. Cott, J. H. Davison, E. A. 
Harrison, E. K. Mentzer, F. P. Sisson. 

The report of this Committee as published in 1930 Proceedings, and in 
Bulletin 323 under Appendix G, has been reviewed and the necessary draw- 
ings and information regarding clearances for buildings have been submitted 
to the “Special Committee on Clearances” and are being included in its re- 
port. 


Appendix J 

(10) SIDEWALKS AND STATION PLATFORMS, COL- 
LABORATING WITH COMMITTEES VIII— MASONRY, 
AND XVII— WOOD PRESERVATION 

A. C. Irwin, Chairman, Sub-Committee; A. M. Knowles, W. N. Kennedy, 
W. L. Lozier, R. E. Mohr, B. R. Rosenberg, O. M. Rognan. 

The Committee desires to report progress on this subject and recommends 
that it be reassigned for further study and report. 
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Appendix K 

(11) ELEVATORS, LIFTS AND ESCALATORS 

O. G. Wilbur, Chairman, Sub -Committee; E. R. Cott, J. H. Davison, E. A. 

Harrison, E. K. Mentzer, F. P. Sisson. 

Introduction 

In developing this report on elevators, lifts and escalators for handling 
vertical transportation in railway terminal buildings, the Committee, in 
collaboration with elevator engineers, has assembled such data in this report 
as it was felt would be of general service to those having to provide vertical 
transportation service in buildings of this character. Since each installation 
presents its own peculiar problems, it is practically impossible to fully treat 
this subject in a general report. It is the intention, however, to give some 
information as to the apparatus available and its traffic handling capacity, to- 
gether with an idea of the conditions at the present time, and the future 
possibilities. 

The first problem to be considered is the handling of passengers to and 
from the various general and track levels of the modem railway terminal. 

The maximum requirement is the handling of the peak passenger traffic 
from tmck platform levels to general levels communicating with waiting 
rooms, streets and subway or elevated transportation lines. 


Transportation Between Track Platform Levels and General Levels 

The peissengers delivered from an arriving train of, say 8 to 12 cars, 
are deposited on a narrow platform which is usually 12 to 25 ft. below the 
level of the concourse and waiting room floor. There is a considerable 
amount of inconvenience if the passengers must use stairways to reach the 
general level, particularly in the case of rises over about fifteen feet. 


Escalators 


^ The escalator is admirably suited to the handling of this transportation 
^ it provides continuous movement and will handle a large number of people 
in a given time. It is desirable to provide escalators about 4 ft. wide for this 
service, principally on account of the hand baggage to be carried and also to 
handle the people rapidly. The standard escalator operates at a thirty degree 
angle and usuaUy at a speed of 90 FPJM. Higher speed escalators are used 
for the higher rises, say of 50 to 75 ft. These escalators are of a type that 
provides for the passengers to enter and leave directly in the line of the travel 
and do not require long approach or discharging level movement. 

The maximum capacity of escalators is: 


4 ft. width 
3 ft. width, 
2 ft. width. 


,8000 passengers per hour 
,6000 passengers per hour 
4000 passengers per hour 


However, in consideration of the handling of baggage and a certain 
tend^cy of passengers to avoid dose contact on the escalator, it would not 
be allowable to count on more than half the given capacity for railway plat- 
form service except perhaps in handling suburban traffic in which case there 
would not be much baggage and the passengers would have a tendency to 
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pack closer on the escalator, so that it would be permissible to use two-thirds 
of the maximum capacity. In observations of escalator traffic in subway 
stations, it has been shown that for periods of two minutes and with the 2 
ft. wide escalator, the maximum capacity was exceeded due to the passengers 
walking on the moving stairways. For periods of about 4 to 5 minutes, it was 
found that the escalator operated at maximum capacity rate. 

At the present time in the United States, there are no escalators operat- 
ing between track and general levels in railway terminals, but two escalators 
are now being installed in the new West Philadelphia Station of the Penn- 
sylvania Railroad Company. In this case the rise is about 16 ft. For some 
time there has been an escalator operating in the Pennsylvania Station in 
New York City between the general waiting room level of the Long Island 
Railroad and the 34th Street level. There are, however, a number of 
escalators operating in subway stations where there is a considerable differ- 
ence in level between the track platform and the street and these escalators 
have been found very satisfactory for this service. They are generally run 
Up in. the morning peak and Down in the evening peak and between the 
morning and evening peaks, in some cases, there is an escalator running Down 
and another escalator running Up. 

Escalators have another advantage in connection with track platform 
levels in that they require less width of platform than when elevators are 
employed. The maximum width required for a 4 ft. escalator is six feet, 
while an elevator would require at least 7 ft. 6 in. and generally large units 
would require 8 ft. 6 in. to 9 ft. 

Escalators consume a comparatively small amount of power as shown by 
the data in Table I and attendants are not necessary. 


TABLE I 


ESCALATOR POWER CONSUMPTION 
4 FT. WIDE ESCALATOR 
30 Degree Angle of Inclination 90 F.P.M. 


Rise 
in Feet 
10 
20 
35 


Power Input in KW. Width 
Average Load 


Ascending 

Descending 

. Average 

6.4 

2.4 

4.4 

9.7 

1.9 

5.8 

14.7 

1.2 

7.95 


Note — ^These figures to be multiplied by 
Consumption. 


Service Hours 


Day 


to give Power 


A sufficient escalator capacity should be installed to take care of the peak 
traffic as determined by the time which it is desirable to allow for the 
transportation of the passengers from between track platform level and the 
general level. If it is assumed that 800 people arriving on a train would have 
to be carried in five minutes and if the escalators are 4 ft. wide and they 
handle at 50 per cent of maximum capacity, then they would have to take 
care of the passengers at the rate of 9600 per hour with each escalator 
handling at the rate of 4000 per hour, requiring more than two of these 
escalators. Since, however, a certain amount of the traffic would be taken 
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care of by stairways, it would appear that the typical arrangement would be 
one 4 ft. escalator on each side of a 60 ft. crosspassage, which would provide 
two entrances to escalators about 140 ft. apart. 

For commuters’ service it would probably be necessary to handle an entire 
trainload in about two minutes. 

Modern escalators are started, stopped and reversed by push button con- 
trol and require very little attention. 

The modem type of escalator is known as the “cleat step” type. Pre- 
viously, a type of escalator was used that provided a moving stairway with 
flat steps which moved to a position at the entering and discharging levels so 
that the tread of the steps formed into a moving level, the passengers stepping 
on and off from the side. This type has been practically discontinued for the 
reason that it requires considerable space at the levels and also requires the 
passengers to step on and off at the side, which is more or less inconvenient. 
The present type of escalator has the so-called “cleat top” for the steps, which 
is a ribbed top. .At the terminals the ribs pass into a comb and the passenger 
steps on and off directly in the line of travel. An old type of escalator that 
has been practically superseded consists of moving elements attached to a 
chain which forms into an incline surface. In this case, the passenger stands 
with the feet on the incline and the transportation is decidedly uncom- 
fortable. 

Escalators are provided with safety devices which stop and hold them 
properly in case power should be cut off and they are also stopped and held 
in position in case any parts should break. The hand rails are protected so 
that passengers cannot get their hands caught. The safety devices in general, 
arc such as make the modem escalator safe and comfortable for the trans- 
portation of passengers without any attendants being required at the ter- 
minals. They may also be used as stairways in periods when they are not 

operating. 

Elevators Between Levels 

The elevators used for transportation between track platform levels and 
geneml levels would usually be of 3CX)0 to 5000 pound capacity with net plat- 
form areas of 30 to 50 square feet. A 3000 lb. elevator may have a platform 
7 ft. wide by 6 ft. deep over all. Such an elevator would carry about 16 
passengers per trip and assuming a 12 ft. difference in level and a speed of 
ISO FPJM,, one of these elevators would carry about 1300 people one way per 
hour. Therefore, three of these elevators would be nearly equal to one 4 ft, 
escalator. A 5000 lb. elevator at 350 F.P.M., carrying, say 32 passengers and 

assuming a difference in level of 12 ft. would handle about 1900 people per 

hour. The round-trip time, however, would be about one minute and since 
the elevator would only require about 23 seconds for loading, there would be 
too long wait time between cars if elevators were located in isolated positions. 
It would therefore be desirable to have two elevators in a group in Order to 
reduce the interval to about 30 seconds in this case, or about 22 seconds in the 
case of the 3000 lb. elevators previously mentioned. 
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ESTIMATED POWER CONSUMPTION OF ELEVATORS OPERATING 
BETWEEN TWO LEVELS 


Duty 

Rise 

Ft. 

Type of Elev. 
Machine 

Stops per 

Car Mile 

Estimated 
Average Miles 
per iS-Hour 
Service Day 

K.W.H. Per 
Car Mile 


3000 lb. 
at 

150 FPM 

12 

Geared Trac- 
tion A.C. Re- 
sistance Control, 
Self -Leveling 

440 

3.4 

13.6 

46 

5000 lb. 
at 

350 FPM 

50 

Gearless Traction 
Multi-Voltage 
Control Self- 
Leveling 

106 

8.4 

12.9 

108 

110001b- 

at 

350 FPM 

75 

Gearless Traction 
Multi-Voltage 
Control Self- 

70 

13.5 

21.2 

284 


Leveling 


The above figures are based on the assumption that the elevators are 
worked at an average of 45 per cent of their majdmum capacity throughout 
the 18-hour day. 

If four groups of two elevators each are provided, of 3000 lb. capacity, 
they would be capable of handling a platform having a peak of 800 people 
in five minutes. 

For short rises, elevators are not as satisfactory as escalators and are 
usually less economical. Unless the intervals are short so that there would be 
a convenient elevator waiting for the passengers, the latter would probably 
elect to use the stairways. There would also, at times, be more congestion 
around the elevators than around the escalator entrances. Where elevators 
are provided for rises of, say 40 ft. or more, they have given very satisfactory 
service in handling the people between subway platform levels and general 
levels. 

Elevators for this class of service would be best operated by an at- 
tendant and may have either push button or car switch operation. In either 
case, they should automatically level at the landing and maintain the car 
platform level with the landing for the entire time that the elevator is at the 
landing. Elevators of this type are in use in a number of stations. They 
operate very satisfactorily and at high transportation efficiency in the New 
York subways where they are used for rises of approximately 50 to 100 feet. 

For rises of this height, elevator speeds of 350 to 500 F.P.M. are usually 
employed and in the more recent installations they are invariably of the 
gearless, self-leveling type and usually provided with multi- voltage control. 

In proportioning platforms for elevators of this size, an allowance of at 
least 100 lb. per sq. ft. of net inside floor area is necessary as it is not unusual 
for such elevators to he loaded by passengers to an average of as much as 
110 lb. per sq. ft. An average passenger weight of 150 lb. may be assumed. 
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Handling Capacity o£ Passenger Elevators 

Table 31 shows the trafhc handling capacity of elevators of different load 
capacities at different speeds with different rises when they operate between 
two levels without intermediate stops and are of the self-leveling type. 


TABLE n 

PASSENGER TRAFFIC HANDLING CAPACITY 
OF ELEVATORS 

Approximate capacities may be determined for any speed by 
interpolating between figures given in this tabulation. 


3 




I 


S':?. 

§ 1 <0*3 




a , 0-'-0 




Ml? 


Uii 


I 


10 

3000 

150 

43 

111 

10 

3000 

350 

37 

128 

10 

5000 

ISO 

66 

145 

10 

5000 

350 

60 

159 

20 

3000 

ISO 

51 

94 

20 

3000 

350 

41 

117 

20 

5000 

ISO 

74 

130 

20 

5000 

350 

64 

150 

30 

3000 

ISO 

59 

81 

30 

3000 

350 

44 

109 

30 

5000 

ISO 

82 

117 

30 

5000 

350 

67 

143 

40 

3000 

ISO 

67 

72 

40 

3000 

350 

48 

100 

40 

5000 

150 

90 

107 

40 

5000 

350 

71 

136 

50 

3000 

ISO 

75 

64 

50 

3000 

350 

51 

94 

50 

5000 

ISO 

98 

98 

50 

5000 

350 

74 

130 

60 

3000 

ISO 

83 

59 

60 

3000 

350 

54 

88 

60 

5000 

ISO 

106 

91 

60 

5000 

350 

77 

124 

70 

3000 

ISO 

91 

53 

70 

3000 

350 

58 

83 

70 

5000 

150 

114 

83 

70 

5000 

350 

81 

119 

80 

3000 

150 

99 

48 

80 

3000 

350 

61 

79 

80 

5000 

150 

122 

79 

80 

5000 

350 

84 

114 

90 

3000 

150 

107 

45 

90 

3000 

350 

65 

74 

90 

5000 

ISO 

130 

74 

90 

5000 

350 

88 

110 

100 

3000 

150 

115 

42 

100 

3000 

350 

68 

70 

100 

5000 

150 

138 

70 

100 

5000 

350 

91 

106 


1330 

66 

145 

1735 

1535 

60 

160 

1920 

1740 

110 

174 

2090 

1910 

104 

185 

2220 

1125 

74 

130 

1560 

1400 

64 

ISO 

1800 

1560 

118 

163 

1960 

1800 

108 

178 

2130 

970 

82 

117 

1400 

1305 

67 

143 

1710 

1400 

126 

152 

1820 

1710 

111 

173 

2075 

863 

90 

107 

1280 

1200 

71 

133 

1590 

1280 

134 

143 

1715 

1630 

115 

167 

2000 

767 

98 

97 

1165 

1125 

74 

130 

1555 

1175 

142 

135 

1620 

1555 

118 

163 

1950 

707 

106 

91 

1090 

815 

77 

125 

1500 

1090 

150 

128 

1535 

1485 

121 

159 

1900 

635 

114 

84 

1008 

995 

81 

118 

1415 

995 

158 

122 

1465 

1425 

125 

153 

1830 

575 

122 

79 

946 

947 

84 

114 

1365 

947 

166 

116 

1390 

1365 

128 

ISO 

1800 

540 

130 

74 

887 

887 

88 

109 

1308 

887 

174 

110 

1315 

1320 

132 

145 

1735 

503 

138 

65 

778 

839 

91 

106 

1270 

839 

182 

105 

1255 

1270 

135 

142 

1700 
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Baggage Elevators Between Levels 

These elevators are usually of suf&cient size to accommodate motor trucks. 
They should be self-leveling so that they stay level with the landing as the 
wheels of the truck pass on and off. While these baggage elevators have, 
until recently, been manually operated, a fully automatic elevator has been 
developed and a number of them are in service. The arrangement of these 
elevators is shown by the sketch, Fig. 1. When a truck drives onto the loading 
platform, the elevator, if not at the landing, is called to the landing. When 
the elevator arrives at the landmg where the truck is waiting, the doors and 
gates are automatically opened. The truck then drives onto the elevator and 
the driver, pressing a button arranged conveniently so that he does not have 
to leave his seat on the truck, causes the doors to close automatically and the 
car to proceed to the other landing when the doors open automatically. From 
the time when the truck starts to drive onto the loading platform until it is 
completely off the other platform, there can be no interference by any other 
operation. This interlocking feature is obtained by the use of so-called 
“moveable platforms” on the elevator and on the loading and discharging land- 
ings. These are similar to scale platforms and are moved very slightly by 
the weight of the truck. 
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Freight Terminal Elevators 

Before either the size, capacity or arrangement of elevators for use in 
freight terminals can be determined, it is necessary to study the quantity, 
weight and bulk of the material to be handled in the various areas of the 
building and the handling capacity required in peak periods of service, select- 
ing as a base, a suitable maximum time over which the peak traj^c may be 
averaged. It is comparatively easy to determine how much material the 
elevators will handle in a given time with various methods of loading and 
unloading and with different types of trucks and, therefore, if the estimated 
toimage to be handled in a given time period of the pe 2 Uc is known, the num- 
ber, size and speed of the elevators that will give the most economical opera- 
tion, may be determined. Consideration must, however, be given to the 
possibility of having the material delivered to the elevators without delay so 
that they may operate at their maximum handling capacity under the given 
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conditions. Because of the narrow platforms and the material on the plat- 
forms and the distance the elevator may be from the loading point of the 
truck} flnd the amount of spiace required to maneuver the trucks and trailersj 
there is usually considerable difficulty in delivering the material to the eleva- 
tors so that they can perform at the maximum handling capacity rate and in 
this case it is necessary to multiply the handling capacity of the elevator by 
some factor less than one, the value of which will depend on the local ar- 
rangements. 

The time for loading and unloading trucks will, of course, depend on the 
IfinH of trucks and the facilities for getting them on and off the elevators. 
Where the elevator has an opening at both ends and trailers are used, then 
the truck can pass directly across the platform carrying on the trailers which 
would be uncoupled in the proper location. If the elevators accommodate two 
trailers in tandem, this time allowance may be fairly closely determined and 
should be about 15 seconds. If there is another set of trucks, side by side, 
then it is doubtful if the two sets will be carried on simultaneously. 

In unloading, it must be taken into account whether aU trucks are un- 
loaded at one level, or whether they are unloaded at different levels and the 
same applies to loading. The running time may be averaged after having 
determined the average number of stops in a trip. 

Time must be allowed for the operation of doors and gates and the time 
required will depend not only on the types of doors and gates used, but also 
on whether it is permissible to have these doors and gates moving while the 
elevator is coming to, or leaving the landing, or whether, as would generally 
be the case in railway terminals, it is necessary to wait until the doors and 
gates are completely closed before the elevator can start and to wait until the 
elevator is either level with the landing or practically so, before doors and 
gates can be opened. Interlocks should, of course, be provided so that it is 
impossible to open doors or gates except when the car is stopped at the corre- 
sponding landing. 

Buildings for combined storage and manufacturing purposes connected 
with railways are now being erected to a considerable extent and these are 
now being provided with large elevators for the purpose of carrying loaded 
automobile trucks from and to the various levels. Sub-levels are provided so 
that a truck, after driving off the elevator, is adjacent to a platform which is 
at the tail-board level. This type of construction is illustrated in Fig. II and 
m and is covered by patent rights. An example of such large truck elevators 
is, 30,000 lb. capacity at 175 F.P.M. having a platform 10 ft. 3 in. by 30 ft., 
used in a building ten stories high. These automobile truck elevators are sup- 
plemented by other freight and passenger elevators. 

In some cases, platforms are made to accommodate two automobiles side 
by side or end for end, or sometimes four automobiles, two side by side and 
two end for end. 

The speeds of elevators for handling freight should, of coiKse, be higher 
with the longer runs. High speeds are advantageous when the time of load- 
ing and unloading is short and when the elevators can be worked steadily. 
If the elevators must stand at landings for a considerable length of time, 
there is no particular advantage in having high speeds. 

In some large storage warehouses of seven stories height, 12,000 lb. 
capadty elevators are being used which have a speed of 125 FJPJVI. Ap- 
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proxunately 40,000 square feet of storage space has been allowed per elevator 
in some of these installations. 



LONGlTUPiN/\L SECTIOM THROUGH ELEVATOR 

Pig II 



In other seven-story buildings where the storage operation is by hand 
trucks, a speed of 100 F.P.M. has been employed, using 6,000 lb. capacity 
elevators serving as much as 45,000 sq. ft. of storage space. In some ten- 
story warehouses, elevator speeds of 200 F.P.M. have been employed. The 
amount of tonnage that may be handled in a given time depends on the 
length of the run, the number of stops made, the methods of loading and 
unloading and whether or not the operation can be such that the material 
is always available for loading without delay and can be immediately un- 
loaded without delay. It also, of course, depends on the bulk of the material, 
which, however, may be reasonably averaged, allowing a proper margin. Data 
is developed in Table III showring the time required to run various distances 
with elevators of different speeds. An average time for operating doors and 
gates and an average time for loading and unloading by trailer system and 
for automobile trucks and hand trucks is shown in Table IV. From this 
data, the maximum possible handling capacity may be determined by assum- 
ing average runs with average number of stops and adding time for door 
operation and loading and unloading, thus determining the round-trip time 
and the number of trucks handled. Assuming an average tonnage for these 
trucks, the total tonnage handled in a given time may readily be computed. 
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TABLE ni 

TIME TO RUN VARIOUS DISTANCES (in seconds) 


Distance 

100 

125 

150 

175 

200 

in 

FJPM. 

FjPM, 

F.PM. 

F.PM, 

FJPM, 

Feet 

Elevator 

Elevator 

Elevator 

Elevator 

Elevator 

10 

7.4 

6.3 

5.6 

5.1 

4.8 

20 

13.4 

11.1 

9.6 

8.5 

7.8 

30 

19.4 

IS. 9 

13.6 

11.9 

10.8 

40 

25.4 

20.7 

17.6 

15.3 

13.8 

SO 

31.4 

25.5 

21.6 

18.7 

16.8 

60 

37.4 

30.3 

25.6 

22.1 

19.8 

70 

43.4 

35.1 

29.6 

25.5 

22.8 

80 

49.4 

39.9 

33.6 

28.9 

25.8 

90 

55.4 

44.7 

37.6 

32.3 

28.8 

100 

61.4 

49.5 

41.6 

‘ 35.7 

31.8 

110 

67.4 

54.3 

45.6 

39.1 

34.8 

120 

73.4 

59.1 

49.6 

42.5 

37.8 

130 

79.4 

63.9 

53.6 

45.9 

40.8 

140 

85.4 

68.7 

57.6 

49.3 

43.8 

ISO 

91.4 

73.5 

61.6 

52.7 

46.8 


TABLE IV 

DOOR OPERATING TIME 

1. Average Time for Power Operated Vertical Bi-parting 
Door, Opening and Closing (assuming door operation 

synchronized with micro operation which is typical) = 7.0 Sec. 

2. Average Time for Hand Operated Vertical Bi-parting 
Door, Opening and Closing (this includes an average 
allowance for operator to walk from car switch to 

position for operating door). = 22.0 Sec. 

3. ’** Average Time for a Folding Car Gate, Opening and 

Closing. = 3.0 Sec. 

"►Note: Freight car may or may not have a gate depending on local 
regulations. If used for combined passenger and freight service a car gate 
generally is required. Automobile lifts usually do not have a car gate. 


LOADING AND UNLOADING TIME 

1. Average Time for an Automobile Truck to Run on to 
an Elevator 

2. Average Time for an Automobile Truck to Rim off 
an Elevator 

3- Average Time to Run 4 Hand Trucks on to an Empty 
Elevator 

4. Average Time to Run 4 Hand Trucks off an Elevator 

3. Average Time to Run 4 Trailer Trucks (group of two 
coupled together and pulled by 2 separate engines) on 
to an Empty Elevator 

6. Average Time to Run 4 Trailer Trucks (groups of 
two coupled together and pulled by 2 separate en- 
gines) off an elevator 


= 15.0 Sec. 

= 15.0 Sec. 

= 40.0 Sec. 
= 40.0 Sec. 

= 30.0 Sec. 

=: 30.0 Sec. 


EXAMPLES OF ROUND TRIP TIME OF FREIGHT ELEVATORS 
IN STORAGE WAREHOUSES 

1. Automobile Truck Elevator— Duty 30,000 lb. at 175 FPM. 
Self-Leveling with Power Operated Bi-parting Hatch Doors — 

No gate on Cor— Opening at 12 floors — ^Risc 154 ft, C^de 
of Operation Assum^ as follows: 


Buildings 


597 


Elevator receives truck at ground floor, carries truck to 
8th floor, where it is discharged, reverses at 8th floor, 
picks up another truck at 4th floor, carries this truck to 
ground floor, this completing the round trip. 

Truck Run On at Ground Floor 

Run from Grd. to 8th Floor (98 ft.) 

Truck Run Off at 8th Floor 

Run from 8th to 4th Floor (56 ft.) 

Truck to Run On at 4th Floor 

Run from 4th to Grd. Floor (42 ft.) 

Truck Run Off at Grd. Floor 
3 Door Operations at 7.0 Sec. 


Net Round Trip Time 


— : 

15.0 

Sec. 

= 

35.0 

Sec. 


15.0 

Sec. 


20.7 

Sec. 

= 

IS.O 

Sec. 

rr: 

16.0 

Sec- 

= 

15.0 

Sec. 

= 

21.0 

Sec. 


= 152.7 Sec. 


2. Freight Elevator — ^Duty 6,000 lb. at 125 F.P.M. Self-Leveling 
with Hand Operated Bi-parting Hatdi Doors — Gate on Car — 
Opening at 7 floors — ^Rise 84 ft. Cycle of Operation assumed 
as follows: 

Elevator receives 4 Hand Trucks at ground floor, carries 
them to 5th floor where they are discharged, reverses at 5th 
floor and returns to ground floor completing the round trip. 

4 Hand Trucks Run On at Ground Floor : 

Run from Grd. to 5th Floor : 

4 Hand Trucks Run Off at 5th Floor = 

Run from 5th to Grd. Floor : 

2 Door and Gate Openings at (22.0-h3*0) = 


40.0 Sec. 
28.4 Sec. 

40.0 Sec. 
28.4 Sec. 

50.0 Sec. 


Net Round Trip Time = 186.8 Sec. 

In determining the number of elevators required, the peak tonnage of ar- 
rival and departure must be determined and the elevators must be based on 
this peak period making allowance for percentage of maximum handling 
capacity that can be obtained in consideration of the local condition. 

The arrangement of elevators also depends on local conditions. Evi- 
dently from an elevator standpoint, the minimum number of elevators is re- 
quired if the elevators are centralized and if there are arrangements that 
will permit them to be worked close to maximum capacity rate in the peak 
period. It is found, however, that in many cases, such centralization of eleva- 
tors is impossible and that it is necessary to locate elevators along a plat- 
form often in single units considerably separated. In this case, observations 
have generally shown that these elevators are not worked nearly at maximum 
capacity even in peak periods. 

In order to determine the percentage of maximum capacity that can be 
allowed in the peak period, it is necessary to form a definite scheme of hand- 
ling the material, taking into account the traffic lanes that can be allowed and 
the system of checki n g the material and also the kind of trucks used. 

In some cases, freight elevators are grouped in pairs. This is in accord- 
ance with a tendency toward centralization and the assumption that when so 
located they will actually handle in the peaks, a higher percentage of their 
maximum handling capacity than would be the case if they were grouped in 
single units. 

The size of freight elevator cars is generally dependent on the size and 
number of trucks to be handled. In most cases they are arranged to handle 
a single automobile tmck or two or four trailer trucks, or four hand trucks. 
Typical oar sizes are shown in Table V. The capacity of the elevator in 
relation to its platform area cannot be definitely fixed. In some cases the 
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minimum capacity must be equal to the requirements on the basis of pas- 
senger loading, which would be 75 to 100 lb. per square foot of net inside 
platform area and in other cases, the laws permit platforms based on as low 
as SO lb. per square foot of loading. The capacity must be prominently dis- 
played on the elevator car. If freight elevators are to be used for carrying 
passengers, they must conform to all the safety requirements affecting pas- 
senger elevators and are limited in number of passengers to the load capacity 
divided by 150 lb. 

TABLE V 

TYPICAL FREIGHT CAR PLATFORM SIZES 




Rated Load 

Platform Dimensions 

Kind of Elevator 

(Lb,) 

( Outside) 

Automobile 

Lift 

30,000 

10 ft. 3 in. by 30 ft. 0 in. 

Automobile 

Lift 

12,000 

9 ft. 4 in. by 22 ft. 2 in. 

Freight 


10,000 

9 ft. 3 in. by 18 ft. 3 in. 

Freight 


6,000 

9 ft. 0 in. by 12 ft. 6 in. 


Elevators may be built with platforms of any required size. The large 
platforms generally go with freight elevators and the speeds of freight eleva- 
tors are not usually very high because the rises are limited and there is con- 
siderable time required for loading and unloading in many cases. Passenger 
elevators are operated at speeds of 50 to 1200 F.P.M., high speeds being used 
for high office buildings, for example, 1200 F.P,M. for the high rise express 
elevators in buildings 60 to 80 stories high. In intensive service office build- 
ings, the elevator speeds generally run from about 700 F.P.M. for the lower 
rise group to 1200 FP,M. for the high rise group and the load capacity from 
2500 lb. to 3500 lb. In some comparatively low office buildings, speeds of 
350 to 500 F.PJM. are employed and such speeds are also used for elevators 
handling railway passengers, where there is a sufficient rise. 

Conveyors 

In some cases freight is handled between two levels by chain conveyors 
operating on inclines so arranged that a man trucking with a two-wheel hand 
truck can hook this to cleats on the chain and move up and down with the 
load. This type of apparatus is in use on docks principally, and has been 
found advantageous for low rises. 

Types of Elevators 

At the present time, practically all elevators are electric and they are al- 
most entirely of the traction type. Previous to the introduction of the trac- 
tion type elevator, hydraulic elevators were used to a considerable extent but 
they may now be considered obsolete except in the case of very short rises 
with limited space conditions and so located that the cables and electric ap- 
paratus could not be readily protected. Under these conditions, plunger 
type hydraulic elevators are still installed to a limited extent. The hydraulic 
elevator is less safe than the electric elevator of the traction type, particularly 
because of the difficulty of providing proper interlocks with hydraulic eleva- 
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tors for the purpose of preventing accidents at landings, due to the movement 
of the car with doors or gates open. 

The electric elevator is also less expensive than the hydraulic elevator 
and requires less maintenance and may be conveniently attached to a source of 
electric supply in any location. The electric elevator is also particularly 
adapted to automatic operation which is now in general use. 

The drum type electric elevator, where the hoisting cables are wound on 
and off a spiral drum is now practically obsolete. This type of elevator has 
the objection of the horizontal movement of the ropes across the drum and 
particularly the danger of car or counterweight being carried into contact with 
the overhead work, sometimes resulting in ropes being pulled out, in which 
case the mechanical safety would be the only means of stopping the car. 

The traction type elevator has practically eliminated the danger, of ropes 
giving way or pulling out of their fastenings. With this type of elevator, 
several cables in parallel pass from the car over a grooved friction driving 
sheave and thence to the counterweight. When either the car or counter- 
weight rests on the buffers at the lower end of their travel, the release of this 
weight from the cables will permit the traction sheave to rotate without 
further motion of car or counterweight since there is not sufladent traction 
between the cables and the grooved friction driving sheave to lift the un- 
balanced load. 

There are two t 3 pes of traction elevators known as the “double wrap” 
traction and the “single wrap” traction. In the case of the double wrap, the 
grooves of the traction sheave are round and the ropes passing up from the 
car pass once over the traction sheave and then down and about half 
around an idler sheave and then up and again over the traction sheave be- 
tween the ropes of the first wrap and finally pass down to the counterweight. 
With the single wrap, the hoisting cables pass up from the car over a pinch 
groove traction sheave and then down to the counterweight. The approved 
type of pinch groove is a round groove, relieved in the bottom by a channel, 

so that the rope rests against the round sides of the groove and is free at the 

bottom. This type of sheave has the advantage over the “V” groove in that 
the rope always has a proper bearing surface and the traction remains prac- 
tically constant. The single wrap is generally used for elevator speeds below 

400 F.P.M. and the double wrap for speeds above 400 F.P.M. 

The hoist ropes are balanced by counterbalance ropes which pass from 
the bottom of the car down and around a floating sheave which moves in 
guides located in the pit and carries a certain amount of tension weight, the 
ropes passing up from this sheave and attaching to the bottom of the counter- 
weight. In all cases, the car and counterweight move in steel Tee-rail guides. 

Elevator Machines 

Elevator machines are of the geared or gearless type, the latter being 
used for speeds of 300 F.P.M, and above, and the former being used for slow 
speeds, below 300 F.PM. and in some cases up to 400 F.P.M. or somewhat 
more. The gearless elevator, as its name implies, does not have gears used 
for reducing speed between the driving motor and the traction sheave. For 
speeds of 600 F.P.M. and over, the gearless elevator rope drive is as described 
above, while for slower speeds, rope gearing is employed, giving a ratio 
usually of 2:1 between driving sheave speed and car speed and sometimes 3:1 
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and 4:1. This rope gearing is of the usual type, by idler sheaves on car and 
counterweight and idler sheaves located above the hoisting. 

Gearless elevators have the advantage of employing a very slow speed 
motor usually from 60 to about 140 R.P.M. The traction driving sheave is 
carried directly on the armature shaft as is also the brake drum. These 
motors are all direct current as the alternating current motor is unfitted to 
this application. 

Geared elevators usually employ a worm gear reduction between the 
motor and the traction sheave shaft. In addition to this, in some cases, there 
is a spur gear reduction and sometimes rope gearing for very slow speeds. 
Elevator machines of this type are operated either by direct current motors 
or by induction motors having resistance type squirrel cage rotors. 

For speeds above 150 to 200 the induction motors are of the so- 

called 2 -speed type provided with stator windings having two different num- 
bers of poles, the slow speed usually being about 1/3 of the rated speed. For 
the lower speeds, single speed induction motors are used. 

The motors used with geared elevators usually run at from 600 to 900 
R.P.M. 

Methods of Elevator Control 

Slow speed devators are usually operated by rheostatic control and the 
higher speed elevators are now generally operated by voltage control, which 
requires a motor generator set for each elevator. This set runs at practically 
constant speed and may be driven either by a direct current or by an alter- 
nating current motor of the practically constant speed type. It furnishes a 
means of controlling the speed of the elevator machine by multi-voltages, 
ranging between zero and a suitable limiting voltage upon which the elevator 
motor runs at full speed. With this type of control, acceleration and re- 
tardation of the elevator are inherently smooth and the speed regulation is 
• very good within the entire range of load of the elevator. Another ad- 
vantage of this control is that it is equally well adapted to alternating or 
direct current supply and the performance of the elevator on either type of 
supply is excellent. This control is used for practically all medium and high 
speed elevators where the service is intensive. It is particularly adapted to 
automatic elevators. Automatic control features are used to some extent in 
practically all elevator operation. The control switches are usually of the 
magnet type and except for the lower speeds, the control operation during 
acceleration and retardation is automatic. 

Automatic leveling is generally in use for busy freight elevators and for 
high speed passenger elevators. This automatic feature insures that the ele- 
vator win be stopped level with the landing and will be maintained level while 
passengers or freight are passing on and off the elevator. This automatic 
leveling is obtained independently of the main control and is controlled by 
some t 3 rpe of cams in hatchway or penthouse which, when the elevator is 
brought close to the landing at slow speed by the main control, automatically 
bring it up to, or back to, the landing. Automatic leveling should always 
operate in both directions as it is only by this means that the elevator may be 
maintained level with the landing as the stretch of the hoisting cables change, 
due to changing load on the elevator platform. 
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In some cases, the elevator machines are provided with an auxiliary drive 
for leveling, in addition to the main drive. This additional auxiliary drive is 
operated by a separate motor and gearing and moves the elevator at about 
10 per cent of the speed of the main drive during the leveling. In other 
cases, there is no auxiliary drive and the main elevator motor is regulated by 
means of voltage control so as to perform the leveling operation. 

A leveling zone is provided, extending a short distance on either side of 
each landing and the operation is such that the elevator, having been slowed 
down by the main control and brought at slow speed into this micro zone, the 
leveling controller brings the elevator to the landing and stops it level with 
the landing. This feature is particularly advantageous for freight elevators 
where the material is handled on trucks, since the elevator platform is main- 
tained level with the landing sill as the truck wheels pass on and off the 
platform. Self-leveling is also very desirable for passenger elevators, par- 
ticularly in intensive service, as it brings the elevator to the landing without 
any unnecessary delay or inconvenience to passengers and by maintaining 
the level, avoids the tripping hazard and permits passengers to pass on and off 
the car at relatively high speed, since they do not have to watch their step. 

Operating Devices for Elevators 

Push buttons are now being largely used to control the movement of 
elevators. Full automatic types of push button elevators are available, ar- 
ranged so that by pressing a button in the hall, the car will automatically 
come to the landing and stop and after entering the car and pressing the 
button, the doors will automatically dose and the elevator automatically 
proceed to the corresponding landing when the doors will automatically open. 
Some controls are arranged so that the elevators stop for any intermediate 
calls and others so that the elevator is entirely in control of the person who 
has it until their transportation has been completed, after which it is avail- 
able for the next service. 

Automatic elevators automatically park at suitable landings and are 
called from them by the operation of the hall push buttons. 

Another type of automatic elevator control that is now in almost uni- 
versal use in large office buildings provides an attendant in the car who 
initiates the closing of the doors and presses the car buttons in response to 
the directions of passengers. These elevators make a full trip, making all 
stops as designated by the hall and car buttons that have been momentarily 
pressed. At each stop, after the passenger transfer has been completed, the 
attendant initiates the door and gate closing, after which the doors and gates 
close automatically and when they are closed and the hatchway door is 
locked, the elevator proceeds automatically to the next landing where the 
service calls it and makes a level landing, the doors and gates opening 
automatically. 

The usual Up and Down push buttons are provided in the halls for 
calling the elevator but with this type, the momentary pressure of these hall 
buttons sets an automatic stop for the first elevator in the group approaching 
the landing in the required direction. 

Car Switch Operation 

With this type of operation, the operator in the car controls the starting 
and slowing down and stopping of the elevator. The method of directing 
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the stops is by means of a separate signal system operated by the hall buttons. 
Tae car stops arc made in answer to the direcUons of passengers. Automatic 
levehng may be provided with car switch operation. This type of elevator, 
while fairly satisfactory for slow and medium speeds, is much inferior to the 
automatic system previously described for high speeds. With the so-called 
‘"car switch” operation, which is really m a n ual operation, the service is largely 
dependent upon the skill and dihgence of the operator, while with the 
automatic type, no s kill of operation is required and it is very easy to provide 
service of practically 100 per cent efficiency and anyone of reasonable in- 
telligence can operate the elevator satisfactorily. 

Application of Various Types of Elevators 

Automatic elevator operation is used for high speed intensive service with 
an attendant in the car and for medium and slow speed elevators, when the 
elevators are operated by the passengers or by handlers of freight. 

The automatic signal control elevator is now generally used for modern 
office buildings. 

Elevators operated by car switch are used for smaller buildings and for 
freight service. So-called “self-service” automatic elevators are used for more 
or less intermittent service to avoid the expense of operators on the car. 

Gearless traction elevators are used in practically every case for speeds 
over 500 FP.M. and with 2:1 roping are now being used for speeds of from 
300 to 500 F.P.M. Worm geared elevators are used for speeds of 100 to, in 
some cases, as high as 400 F.PM. for small buildings and for handling 
freight. 

Self-leveling elevators are used in high speed passenger service and in 
freight service, particularly where trucks are used for carrying the freight. 

Self-leveling and automatic elevators are largely of the unit multi-voltage 
control type and in this case they are leveled by the regular elevator motor. 

The auxiliary motor micro, or self-leveling device, is used for medium 
speed elevators. If the elevators are of the type using alternating current 
elevator motors, the auxiliary leveling device is generally used. 

Safety Devices 

All elevators are provided with normal and hnal terminal stopping de- 
vices. The normal device automatically slows down the elevator and stops 
it either at, or close to the terminal landing, but permits the elevator to be 
run in the opposite direction by operating the regular controlling device. This 
normal device generally works by means of a switch on the car operated by 
cams in the hatchway. 

In case the normal device should fail, then the car, after proceeding a 
short distance beyond the landing, operates switches located in the hatchway, 
which cut off all power and apply all braking devices. 

Just beyond the terminal levels, the car and counterweight strike the 
buffers. Except for very slow speed elevators which use spring buffers, the 
buffers are of the oil type and have a stroke equal to that required for 
gravity retardation from governor tripping speed. 

At the limit of their travels, the car and counterweight bottom and the 
traction is released. 
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Mechanical safeties are also provided on the cars which operate on over- 
speed in the down direction, the jaws coming into contact with the rails and 
thus stopping and holding the car. On overspeed in either direction, before 
the mechanical safety is called upon to act, the governor device which oper- 
ates the safety cuts off all power and applied all brakes, obtaining a quick 
stop. A safety switch is provided in all elevator cars which also functions to 
cut off all power and apply all brakes. Both the governor safety switch and 
the car safety switch generally open the power supply by the operation of 
two magnet switches, either one of which will cut off the power and apply 
the brakes. 

High speed elevators are now generally arranged so that the tension de- 
vice which operates on guides in the pit, cannot be pulled up, though it is 
free to move down to provide the tension. With this arrangement, the car 
and counterweight are tied together at all times and neither can jump under 
any condition of operation. This device also greatly improves the operation 
of the mechanical safeties in that the retardation is much more constant from 
no load to full load in the car than is the case where it is possible for car 
and counterweight to jump. 

Traction elevators are generally counterbalanced so that the counter- 
weight weighs from 40 to 42^4 per cent of the load capacity more than the 
empty car. Except for very short rises, the hoisting cables are balanced by 
counterbalance cables passing from the bottom of the car around the floating 
sheave in the pit and up to the bottom of the counterweight. The flexible 
cables carrying the electric conductors to the car, are attached to the middle 
of the hatchway and hang in a loop from there to the bottom of the car. 

For some slow and medium speed elevators of comparatively short rises, 
counterbalance chains are used, looped in the same way as the conductor 
cables. 

Doors and Gates for Elevators 

It is now the usual practice to provide solid flush doors for hatchway 
openings and also for automatic, and especially for high speed elevators, solid 
flush doors on the cars. In many cases, the doors slide horizontally. For 
freight elevators, vertical sliding doors are frequently provided for hatchway 
openings with two panels, one moving up and one down. Sliding or collapsible 
gates are used on some elevators. 

Doors and gates are so arranged that they must be closed before the 
elevator can start and while it is running, except that they may be opened at 
the landing where the elevator is stopped if it is within a few inches of the 
landing and is leveling at slow speed toward the landing. Hatchway doors are 
usually provided with interlocks which lock the doors mechanically except 
when the car is stopping practically at the landing. Cab doors or gates are 
provided with contacts without mechanical locks. 

Doors on the cars have an advantage for high speed elevators in that they 
may be operated rapidly and there is no danger of passengers or operators 
getting their fingers caught. They also have a psychological advantage since 
the passengers are not affected by the speed of movement of the car. The 
acceleration and retardation are nearly the same for high and medium speed 
elevators so that the passenger is no more inconvenienced with elevators 
operating at 1200 F.P.M. than at 600 F.PM., or even less. 



604 


Buildings 


Elevator doors and gates are now frequently power operated, either by 
electric or pneumatic power. The most modem elevators have the doors 
opened by an electric motor drive and closed by spring pressure and the 
mechanism is provided with hydraulic checks in both directions. For the 
usual office building passenger cars with power operation, center opening 
doors with two panels moving in opposite directions are most satisfactory 
and the best width of opening in many cases is 3 ft. 6 in. Such quickly 
operated doors, with a single motor and gearing on the car for operating all 
doors, require only a combined opening and closing time of slightly more 
than two seconds. Large freight elevator doors, when power operated, may 
require about 3 to 4 seconds in eada direction for their movement. Manually 
operated doors are generally of the two-panel, so-called “two-speed*’ type with 
both panels moving in the same direction, one at twice the speed of the 
other. Manual operators of the toggle type are generally used and tliese have 
springs for closing and are provided with checks. Considerable time is saved 
by power operation of passenger elevator doors and the labor of the operator 
of the car is considerably reduced. 

Office Buildings 

Such buildings are elevatored on the basis of the expected five-minute 
peaks in the morning when filling the building and during the luncheon period. 
The elevators are suitably grouped to give a satisfactory interval of time be- 
tween elevators available to a passenger. In the modem high office build- 
ing, there are a number of groups serving various zones, some local to the 
lower floors and other express to connecting floors and serving thence a num- 
ber of floors locally. 

In devatoring these buildings, typical round-trip times are set up in the 
peaks and the number of passengers that each elevator can handle in five min- 
utes is determined. If the expected five-minute traffic is known, then the num- 
ber of elevators is determined. The five-minute peaks will vary from 11 to 
35 per cent of the population, depending on the expected occupancy. 

An example of a large office building which is immediately connected to a 
railway terminal is one having about one million square feet of net rentable 
area and a height of thirty-one stories. This is a rented office building and is 
efficiently served by thirty-two automatic signal control elevators in four 
groups of eight each. These elevators are capable of a speed of 800 F.P.M. 
Three of these groups are express and one local and they each serve their 
complement of the floors of the building. 

Each building must be elevatored according to its individual require- 
ments and a large amount of data is necessary both as to the performance 
of the elevators and the probable traffic peaks. The elevatoring of such 
buildings is a matter for traffic experts and it is not within the province of 
this paper to attempt to go into these detafls. The highest building in the 
world and the largest office building is now being erected. This building will 
be 85 stories high and is expected to have about 20,000 inhabitants. It is 
entirely elevatored by automatic signal control elevators, of which there are 

number being sixty-six. The high rise elevators in 
this building are capable of a speed of 1200 F.P.M. 

At the present time, it is possible to determine closely the traffic handling 
apaaty of devatoiB of any type; Naturally, the automatic eleyatore will 
have the manmum traffic handling capacity in a given time. It is also pos- 
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sible to closely determine the requirements as expressed by the maximum five- 
minute peaks of traffic that the elevators will be expected to handle. There 
are certain typical types of buildings in typical locations which can be 
analyzed on a general basis of requirements. There are numerous other build- 
ings, particularly those used for special purposes and housing certain types of 
business, which requires a careful study of the particular business to determine 
the expected traffic peaks. In some of these buildings, it has been found de- 
sirable to stagger arrival and departure so as to reduce the elevator require- 
ments. 

Escalators may be used for serving some of the lower floors in large 
buildings. 

The employment of double-decked elevators and two elevators operating 
in the same hatchway may be resorted to in very high buildings. 

Both elevators and escalators are now in a high state of development and 
suitable apparatus is available to meet practically any requirement. Elevators 
of the highest speeds are very safe and comfortable to ride in. Buildings 
one hundred stories in height will, no doubt, soon be erected and the gearless 
traction elevator is adaptable to any height of building that is likely to be 
erected. 
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Committee. 

To the American Railway Engineering Association: 

Your Committee respectfully presents herewith its report on the subjects 
assigned as follows: 

1. Definition of Terms. 

2. Methods for protection against river bank erosion. 

3. T3T5es of construction for levees and river dikes for flood protection, 
giving consideration to stream alignment, sub-surface, soil or other local 
conditions. 

4. Specifications covering the various types of river bank protection and 
levees in common use, 

5. Various types of dredges and their respective uses. 

6. Specifications for dredging, 

7. Silt deposits in fresh water rivers at the meeting point with brackish 
waters, also the effect of slight salinity on such deposits. 

8. Results of deepening channels on the salinity of rivers and estuaries. 

9. Different types of bulkheads, jetties and sea walls, giving cross- 
sectional description of each and the purpose which they serve. 

10. Different types of fender systems protecting bridges, piers and docks. 

11. Different types of docks, warehouse piers, coal and ore piers and 
describe their sizes and uses collaborating with Committee XIV — ^Yards and 
Terminals. 

12. Size and depth of slips assigned to vessel berths at the various types 
of docks, warehouse piers, coal and ore piers, collaborating with Committee 
XrV — Yards and Terminals. 

Action Recommended 

1. That report of Sub-Committee on Definitions be accepted as informa- 
tion and the subject continued. 

2 and 3. That subjects be continued with instructions to report any new 
developments. 

4. That specifications for levee construction submitted to the Convention 
of 1930 (pp. 1346-13S0, Vol. 31) be adopted and approved for printing in the 
Manual. Also that specifications submitted herewith be received as informa- 
tion and the subject continued. 

Bulletin 334, February, 1931. 
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5. That report on the various t 3 ^es of dredges and their respective uses 
be adopted and approved for printing in the Manual and the subject dis- 
continued. 

6. That specifications for dredging be adopted, approved for printing in 
the Manual and the subject discontinued. 

7 and 8. That the reports be accepted as information and the subjects 
discontinued. 

9, 10, 11 and 12. Committee reports progress and recommends con- 
tinuance of the subjects with the added instruction to report on maintenance 
cost and service life of the various structures. 

Respectfully submitted, 

Committee on Rivers and Harbors, 

Wm. G. Atwood, Chairman, 


Appendix A 
(A) RIVERS 


E. A. Hadley, Chairman, Sub- Committee ; F. W. Alexander, G. J. Bell, A. F. 
Blaess, W. G. Brown, H. A. Dixon, K. B. Duncan, B. Elkind, F. G. Jonah, 
A. M. Shaw, J. R. Watt, C. E. Weaver, W. P. Wiltsee. 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects: 


(1) DEFINITIONS OF TERMS 

This subject is handled by a separate Sub-Committee, consisting of: 
W. C. Swartout, Chairman; W. J. Backes, G. J. Bell, W. G. Brown, H. A. 
Dixon, R. E. Fristoe, R. J. Middleton, A. M. Shaw, J. R. Watt. 

This was understood to mean terms used in construction and mainte- 
nance, both Rivers and Harbors. 

Definitions are submitted this year as information and with the hope that 
the Committee may receive comments and criticisms during the ensuing year 
and may also receive lists of words and terms which the membership may 
think it would be desirable to include. The Committee will give further study 
to all definitions with the view of improving and clarifying them before ask- 
ing that they be included in the Manual. 

Anchorage. — That portion of a harbor in which ships are permitted to lie at 
anchor. 

Apron. — That portion of a wharf or pier lying between the watertront edge 
and the shed. Strictly speaking, from the viewpoint of construction, 
that portion of the wharf carried on piles beyond the solid fill. 

Apron Track, — Railroad tracks along the waterfront edge of a wharf or pier 
designed for direct transfer of cargo between ship and car. 

Baxlast. — Stone placed on any wood mattress to sink it and to make it con- 
form to the river bed. 

Bar. — A bar of earth or sand in the river channel projecting above water. 
Bank, Concave. — The concave bank of a river has the center of the curve 
toward the channel. 

Bank, Convex. — ^The convex bank of a river has the center of the curve away 
from the channel. 

Bank, Slottgeong. — Same effect as caving but usually occurs when bank or an 
underlying stratum is saturated. 
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Banquette. — ^Additional embankment or shoulder on land side of levee with 
top surface on slope 1 to 10 and 1 to 4 so that line of saturation will 
intersect ground under the level. The line of saturation slopes down from 
water line at an angle of about 12 degrees and would pass out of the land 
side slope above the ground when a levee with side slope of 1 to 3 
reached a certain height. 

Basin. — large slip or dock partially surrounded by quays. A tidal dock for 
berthing ships alongside quays, subject to the fluctuations of water level 
of the main body of water. 

Batter Pile. — ^A pile driven at an angle to take up the lateral thrust of an 
engineering structure. 

Beach. — ^A portion of shore line whereon sand has been deposited in a fairly 
level manner. 

Breakwater. — ^An engineering structure to afford shelter from wave action; 
also called mole, jetty. 

Brush, Mattress. — ^Any live wood growth (preferably willow), main stem 
one inch to three inches diameter at butt. 

Bulkhead Line. — ^Boundary set by state or municipal authorities or U.S. 
Army engineers beyond which solid fill may not be extended. This rule 
is subject to modifications. 

Cane. — ^Used to construct small revetment where levee is sloughing. A 
jointed wood growth of the grass family; grows extensively in the South, 
20 to 30 feet high. 

Channel. — ^The buoyed, dredged and policed fairway through which ships 
proceed from the open sea to their berths or from one berth to another 
within a harbor. 

Chute. — ^A narrow back channel on one side of an island. 

Cradle. — ^A bridge supported on car wheels, running on an inclined track, for 
the transfer of railroad cars to river boats at different elevations of water 
level. 

Crevasse. — ^A breach in the levee or river embankment. 

Dead Men. — ^An anchorage for a guy, cable, etc., consisting of a timber or 
piece of structural steel buried in the ground with the end of the guy line 
fastened around its middle. 

Dike. — ^A structure of earth, stone or timber, erected as a barrier to check, 
deflect or stop river currents. Sometimes incorrectly used as synonym for 
a levee — a bank to prevent inundations. 

Dike, Mud Cell, Brush. — ^A honeycomb structure woven with brush with 
vertical cells six to eight feet square. A mud cell dike may be 60 to 100 
feet wide, with length determined by length of bank to be built out. A 
most effective method on a concave bend to build the bank into the 
stream. 

Dike, Permeable Pile. — Same as Pile Hurdle. 

Dike, Pile Hurdle. — Clusters of two to four piles, driven alternately to right 
and left of center line of dike. Top of clusters about at high water. 
Clusters tied to horizontal pile about five fe^t below top. 

Dike, Spur. — ^A dike extending out from shore to (1) deflect river current, or 
(2) induce silting and formation of sand bars. In case of (2) steel and 
wire entanglements are effective on heavy silt bearing shallow streams with 
high velocities. 

Dredge. — ^A machine for excavating material at the bottom of a body of 
water, raising it to the top and discharging it on the bank, or into a 
scow for removal to a distant point. 

Dredge Spuds. — ^Vertical timbers at the comers which, when driven into the 
bottom by gears, hold the dredge in place. 

Dredge Work, Overdepth. — ^Dredging to depth greater than immediately re- 
quired. Amount determined by t 5 ^e of dredge, amount and rapidity of 
silting and economy of longer intervals between maintenance dredging. 
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Dredge Work, Peace MsAsuREMEiffT. — ^Exxavation measured by sounding be- 
fore and after removal of materials. 

Dredge Work, Scow Factor. — ^Ratio between cubic contents of scow level 
full and actual cubic yards in scow. This ratio varies for material, 
locality and dredging method. 

Dredge Work, Scow Measurement. — ^Excavation measured by taking num- 
ber of scow loads and assumed cubic yards in scow. 

Erosion. — ^The washing and carrying away of earthen materials by natural 
process^ of water. 

Fascine. — round bundle of brush from one to three feet in diameter and 
ten to twenty feet long. 

Fingers. — ^Inclined guides on barge on which a mattress is woven and down 
which it slides to water surface. 

Furrowed. — ^Loosening surface of natural soil of foundation of levee to mini- 
mize seepage or tendency of levee to slide on its base where built on a 
slope or where an enlargement is made to an existing levee. 

Impervious Earth. — ^Material through which water moves slowly and with 
difficulty. 

Island. — bar covered with cottonwood and other timber. 

Jetty. — ^An engineering structure at the mouth of a river or harbor, or else- 
where, to control the waterflow and currents, to maintain depth of chan- 
nel, to protect harbor or beach. 

Levee. — ^An embankment or wall to prevent inundation. 

Levee, Back oe. — S ide away from river. 

Levee Cose Wall. — A wall of selected, impervious material about five feet 
thick, placed in levee where material within reasonable distance is 
generally unsuitable. 

Levee Crown. — ^Top of levee; is level perpendicular to center line. 

Levee, Front oe. — Side next to river. 

Levee, Hydraulic Fill. — A levee in which the material is transported and 
deposited in place by means of water pumped through a pipe line. 

Levee, Overtopping. — ^F lood height exceeds elevation of top of levee. 

Levee, Topping. — ^Temporary work to raise level of top of levee. Done only 
in emergencies. 

Levee, Sand Boil. — Ebulition of water behind levees, fed by channel through 
or under levee, generally latter. 

Levee Section. — Cross-section of levee, perpendicular to center line. 

Levee Slope. — ^Slope or inclination of sides of levee downward from crown. 
Generally these slopes are 1 to 3 but occasionally are flatter where less 
suitable materials are available. 

Line of Saturatipn. — ^Line across a levee up to which water will theoretically 
saturate the material. This line slopes down from water line on an angle 
of about 12 degrees in a levee well constructed of good average material. 

Mattress, Board. — ^Mattress woven with boards, alternately headers and 
stretchers. 

Mattress, Concrete. — Mattress of reinforced concrete slabs. Slabs generally 
overlap and connect. In first mattress of connecting slabs, they were 11 
feet by 6 feet by 4 inches, now slabs are 4 feet by one foot by 3 inches. 

Mattress, Willow, Basket Woven. — Brush (preferably willow) woven 
si m ilar to chip basket with selvage of roll fascine bound to mattress by 
wires. 

Mattress, Willow, Brush and Weaving Pole. — ^Brush laid normal to river 
bank with poles parallel. Poles on top and bottom tied together by wires. 

Mattress, Willow, Pole and Fascine. — B rush bound together in bundles or 
fascines one to two feet diameter and laid normal to river bank between 
poles which axe tied together by wire or twisted wire strand. 
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Mattress, Willow, Brush and Wire Envelop. — Brush laid in two layers be- 
tween square mesh netting. Bottom of netting envelop parallel to bank, 
top normal to bank. Bottom brush layer normal to bank, top parallel. 

Muck Ditch. — ditch 4 to 6 feet wide and 6 feet deep excavated in natural 
soil along crown center line to explore foundation conditions where 
character of material is not fully known or where there is a possibility 
that water will move between natural surface and bottom of levee, and 
backfilled with puddled or tamped impervious material. 

Pervious Stratification, — Chiefly found in hydraulic fills. A stratum of 
boulders or gravel extending across fill of varying degrees of porosity. 

Pier. — A vertical support of an engineering structure. A wharf running at an 
angle with the shore line of the body of water, providing a landing place 
on both sides for vessels to receive and discharge cargo, passengers, stores 
or fuel. 

Pier Head Line, U.S. — ^Line set by local port authority or U.S. Army engi- 
neers beyond which the pier may not extend. 

Porous Earth. — ^Material through which water moves quickly and readily. 

Reef. — ^A bar of earth or sand in the river channel under water. 

Retards, Current. — Full size trees laid parallel and bound together at trunk 
end by cables. Shore end is anchored to bank midway of a mattress 
about 300 feet long, with retard normal to bank and extending into 
stream any desired length. Offshore end is anchored to patented con- 
crete piles sunk below river bed by jetting and driving. 

Riprap. — Pieces of stone, approximately cubical shape, weighing from 25 to 
100 lbs., of a stone which will not disintegrate under alternate exposure to 
air and water. 

River or Water Gage. — ^A gage graduated in feet and tenths to give elevation 
of water surface, with zero below extreme low water and extending above 
extreme high water. 

Sea Level, Mean. — ^The average height of the sea, determined by averaging 
the hourly heights of the tide for a period of time depending on the 
accuracy desired. 

Seawall. — A barrier along the shore line to prevent encroachment of the sea 
by direct wave action. 

Sediment. — Earthen material carried by a stream in suspension. 

Seepage. — ^Water passing through or under a levee or dam from the higher to 
lower side. 

Seep Water. — Water which has passed through or under a levee or dam. 

Silting. — ^When the suspended matter, or silt, in a stream is in excess of the 
sedimentary transporting power of the current the suspended excess is 
dropped. 

Slip. — Open space or tidal dock between piers. 

In a restricted sense, referring to ferries only, a slip is a water space 
protected by racks on both sides and sufficient only for the accommoda- 
tion of one vessel. 

Soundings. — ^Measurement of depth of water, giving elevation of under water 
land surfaces. 

Spud. — ^A device used for anchoring a dredge or other floating craft to the 
bottom or bank of a body of water. The usual form consists of a ver- 
tical timber sliding in guides attached outside the scow side, or in a well 
formed within the hull. 

Thalweg (from German). — ^The buried channel of a river: The natural 
course of a river bed, from hills to the sea. 

Tide Level, Mean. — ^The average of the high waters and the low waters taken 
over a considerable period of time. 

TowBffiAD. — ^A bar covered with a grassy growth of young willows. 

A 
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Wave Wash, Levee. — ^Erosion caused by waves due to high winds across 
large areas of water during flood periods. 

Whare.— -A berthing place for vessels to facilitate direct loading and dis- 
charge. 


(2) METHODS FOR PROTECTION AGAINST RIVER 
BANK EROSION 

The Committee has nothing further to add at this time to the informa- 
tion submitted in its last year’s report. 

(3) TYPES OF CONSTRUCTION FOR LEVEES AND RIVER 
DIKES FOR FLOOD PR0TECTI01^, GIVING CONSID- 
ERATION TO STREAM ALIGNMENT, SUB-SURFACE, 
SOIL OR OTHER LOCAL CONDITIONS 

The Committee has nothing further to add at this time to the information 
submitted in its last year’s report. 

(4) SPECIFICATIONS COVERING THE SEVERAL TYPES 
OF RIVER BANK PROTECTION AND LEVEES IN COM- 
MON USE 

Your Committee submits for consideration the following specifications: 

General Statement of Work 
Loose Fascine Type Mattress 
Board Mattress 
Mud Cells 

Rip Rap Bank Paving 
Anchor Piling 

Action Recommended 

(1) It is recommended that the report on definitions of terms be ac- 
cepted as information. 

(2) It is recommended that the report on methods for protection 
against river bank erosion be continued as an open subject to the end that 

' future developments in the art may be investigated and reported upon by 
your committee. 

(3) It is recommended that the report on types of construction for 
levees and river dikes for flood protection be continued as an open subject to 
the end that future developments in the art may be investigated and reported 
upon by your committee. 

(4) It is recommended that specifications for levees submitted with last 
year’s report as Appendix A-c be accepted and approved for printing in the 
Manual, and the specifications herewith submitted be accepted as informa- 
tion and the subject continued. 

GElteRAL STATEMENT OF WORK 
Euevations and Stages 

All elevations in these specifications refer to 

Water’s edge or low water stage, wherever referred to in these specifica- 
tions, shall be taken as a stage of in the U.S. 

Weather Bureau gage located at 
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Extent op Work 


Character op Work 


Bank Grading 

The bank, where directed and in advance of any paving, is to be graded 
from water’s edge to a line at the top of bank as located by the Engineer. 
Bank is to be graded to slope of one (1) foot vertical to two (2) feet 
horizontal, unless otherwise directed. 

All stumps shall be removed to a depth of eighteen (18) inches below the 
finish ed surface and the holes shall be backfilled and well tamped. The 
graded slope shall have a smooth and even surface; all holes and depressions 
are to be filled and well tamped. 


SPECIFICATIONS FOR LOOSE FASCINE TYPE MATTRESS 

All mattress of “Loose Fascine” type shall be composed of compacted 
brush and poles. Work shall begin at such point as may be directed by the 
Engineer, and shall be constructed continuously downstream terminating at 
such location and in such manner as may be directed by the Engineer. 

If, for any reason, mattress must be made in more than one section, the 
lap of one section over another shall be not less than twenty (20) feet. 
Mattress shall not be made in more than one section without sanction of the 
Engineer. 

In beginning each mattress, a head is to be built by splicing and binding 
together poles and brush to make a compact fascine about eighteen (18) 
in^es in diameter and of length equal to the specified width of the proposed 
mattress, the inner edge of which shall be at water’s edge, or as may be 
directed by the Engineer. 

Bottom poles running parallel to the length of mattress shall be inserted 
in the head, and the ends securely spiked and bound to the poles forming the 
head. The inner line of bottom poles shall be laid on the slope of bank at 
water’s edge and the succeeding lines, placed at intervals of approximately 
eight (8) feet to the outer edge of the mattress, parallel with the inner line. 

The poles may be of any variety of live, straight, sound timber, not less 
than twenty (20) feet in length nor less than four (4) inches in diameter at 
small end. The poles in each line shall lap not less than four (4) feet and 
be securely spiked and bound together with two lashings of number nine (9) 
wire doubled, the points of splicing to be so located as not to come opposite 
splices in adjoining lines. 

Any variety of live, straight brush, in lengths of sixteen (16) feet or more, 
and not exceeding four (4) inches in diameter at butt end, may be used. 
The^ brush shall be placed on bottom poles at right angles thereto, in beds or 
fascines about four (4) feet wide and of such depth as will give a thickness of 
fourteen (14) inches when bound, and shall be bound at intervals coinciding 
with each bottom pole with two lines of galvanized cable called longitudinal 
“Sewing Cables” alternating from top to bottom of the successive beds or 
fascines of brush. 

The sewing cables shall be standard 5/16 inch galvanized wire cable 
having a tensile strength of not less than 5000 lb. After filling each fascine, 
the brush shall be drawn back tightly against previous fascine by pulling on 
lower or bottom cable after it is brought up around the brush, and on top 
cable after it is dra-wn down over the brush and around the bottom pole. 
When brush is drawn to a compact bundle, the top cable shall be secured to 
the bottom pole by means of a staple of length sufficient to give a tight bind. 

Lateral cables, consisting of single lines of one-half (^) inch galvanized 
wire cable shall be run across and through the mattress thirty (30) feet apart. 
Each cable shall be securely fastened by binding and clamping to outer and 
inner weaving poles, and have a turn around each intermediate weaving pole. 
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Each lateral cable shall extend up the slope and be securely fastened to a 
"dead man” placed eight CS) feet, or more where required, back from the top 
of slope, and four (4) feet below the surface of ground. 

The "dead men” shall be of any variety sound timber acceptable to the 
Engineer, siy (6) inches in diameter, if round, or of equal cross-section if 
square, and five (5) feet in length. The holes for the “dead men” shall be 
backfilled and well tamped and sufficient excess earth left on top to allow for 
settlement. To reach the "dead men” the lateral cables shall be passed through 
trenches which shall afterwards be filled and well tamped. 

The head of the mattress and every section of mattress shall be secured 
by a sufficient number of one-half (^) inch galvanized wire cables fastened 
to head fascine and longitudinal cables which shall be run ashore to "dead 
men” placed fifty (50) feet or more back from edge of bank, the cables to 
form a forty-five (45) degree angle with the head of the mattress 

All splices and hitches in cables shall be made with square knots. 

Top poles called binders, running in rows longitudinally the length of 
mattress ^all be placed on top of brush over each alternate bottom pole, 
and be securely bound thereto evei^ eight (8) feet with bindings alternating 
with a single five-sixteenths (5/16) indi galvanized cable and double strands of 
number nine (9) galvanized wire. Cross poles shall be placed on top of 
binders spaced sixteen (16) feet centers and be securely bound to binders 
with double strands of number nine (9) galvanized wire at each intersection. 
Top poles of binders, and cross poles, :^all be of same dimensions as bottom 
poles, and may be of any variety of live straight sound timber. 

The mattress shall be ballasted with “one-man stone” of good quality, 
such as will not disintegrate under action of air or water. The stone shall be 
in pieces weighing an average of approximately one hundred (100) pounds, 
and no piece shall weigh less than twenty-five (25) pounds, nor more than one 
hundred and fifty (150) pounds. Three-quarters (^) cubic yard of stone 
shall be used to the “square” (100 square feet) of mattre.ss. The stone shall 
be uniformly distributed over the mattress. The cost of the stone and the 
placing of same shall be included in the price to be paid for constructing the 
mattress. 


SPECIFICATIONS FOR BOARD MATTRESS 

All mattress which is to be constructed of tlie "Board” or Lumber type 
is to be composed of interwoven boards. The starting point or beginning of 
the mattress shaE be as designated and it shall be constructed continuously 
downstream terminating at such point and in such manner as may be directed 
by the Engineer. The inner edge of the mattress is to be placed at low 
water elevation, or as directed by the Engineer. 

If for any reason the mattress must be constructed in more than one 
section, the lap of one section over another shall be not less than fifteen (15) 
feet. No laps shall be made in the mattress without the sanction of the 
Engineer. 

The boards composing the mattress are to be of green gum, oak, or pine 
lumber of good quality acceptable to the Engineer of size 1'' x 6" and of 
mixed lengths from 12 feet to 16 feet. 

AH logs, snags, stumps, tre^ and other obstructions that will prevent the 
mattress from lying evenly and in contact with the river bed shall be re- 
moved by the Contractor before construction of the mattress is begun. This 
shall be included in the cost per square foot of the mattress. After all of the 
obstructions have been removed the mattress is to be constructed in the fol- 
lowing maimer and in accordance with the accompanying plan. 

Header 

In beginning each mattress, a header is to be built up by first laying 
across and parallel to the matt or latmching barge and at right angles to the 
bank, 3 thicknesses of l"x6" boards to form the bottom half of the header 
block, breaking joints not' less than 3 feet. These boards shall be securely 
nailed together with lOd wire nails and a lashing of one turn of two strands 
of No. 9 galvanized wire every 3 feet along the entire length of the lower 
part of the header. 
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Weavers 

On top of the bottom half of the header and at right angles thereto and 
running parallel with the mattress, 6" boards hereafter called weavers shall be 
laid and spaced, 4' 6" apart. The ends of the weavers shall be securely 
fastened to the bottom half of the header by nailing with 3-lOd galvanized 
wire nails and lashing with one turn of two strands of No. 9 galvanized wire. 
AU weavers are to be made continuous throughout the length of the mattress 
by lap splicing, splices shall lap not less than 3 feet and shall be fastened 
securely by nailing along the lap with 6-lOd wire nails, and lashing securely 
with one turn of two strands of No. 9 galvanized wire at each end of the 
lap. The points of splices to be so located as not to come opposite to splices 
in adjoining weavers. 

The top half of the header shall be made similar to the bottom half, 
shall be placed on top of the weavers directly over the bottom half of the 
header and breaking joints with it. The whole shall be securely fastened 
together with nails of suitable length and at each intersection with a weaver, 
the top and bottom half of the header is to be securely bolted together with 
one machine bolt fitted with two washers. The entire bottom and top 
halves of the header are to be fastened securely together at four foot six 
inches (4' 6") intervals along the entire length of the header by lashing with 
one turn of S/16" galvanized wire cable. 

Transverse Planks 

Transverse planks shall be woven alternately over and under the weavers 
at right angles thereto and parallel with the header in courses shoved down 
over the weavers and spaced not more than 1" apart. The transverse planks 
shall be made continuous throughout the width of the mattress by splicing one 
plank with another, the lap splice to be not less than 3 feet. Each splice 
shall be secured by not less than 4 nails, and lashed securely with one turn of 
two strands of No. 9 galvanized iron wire at each end of the lap. The 
points of splicing in the transverse planks shall be made so as not to come 
opposite the splices in adjoining lines. Each plank at each intersection with 
a weaver shall be fastened to the weaver with two nails and to the outer 
or riverward weaver with four nails. No plank shall project beyond the out- 
side or inside weaver, and all projections shall be cut off flush with the outside 
of the weaver. 

Binders 

Binders running parallel with the length and on top of the mattress shall 
be built as follows: 

Along the outer weaver a built up binder S" in height consisting of 3 
lines of 1" x 6" boards separated by 1" x 6" x 6" blocks spaced 24 inches center 
to center shall be placed. Over each alternate weaver from the outer weaver a 
built up binder 3 inches in height, consisting of two lines of 1" x 6" boards 
and separated by 1" x 6" x 6" blocks spaced 24" center to center shall be 
placed. On the remaining weavers a single line of l"x6" boards shall be 
placed and all binders shall be securely nailed together and shall be bound to 
the weavers at 8 foot intervals along their entire length with one turn of 
54" galvanized wire cable, except the outside or riverward binder, which 
binder shall be securely bound to the weaver with one turn of 5/16" gal- 
vanized cable at eight foot (8) intervals along the entire length of the 
binder. 

Cross Planks 

At intervals of 20 feet throughout the mattress, and at right angles to 
the weaver and parallel to the header, a single line of 1" x 6" boards shall be 
laid across the mattress. These boards shall be securely nailed and bound to 
the weavers and binders with one turn of galvanized cable. 

The lower or downstream end of the mattress shall be finished with a 
selvage similar to the upstream and using nails and machine bolts fitted 
with suitable washers and 5/16" galvanized wire cable. 
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After the mattress has been launched, all wire lashing shall be tightened, 
and all weavers, top poles, top binders, and woven boards that have been 
broken shall be repaired before mattress is ballasted. 

Anchor Cables 

The head of the mattress and every section of mattress shall be secured 
by a sufficient number of one-half inch galvanized wire cables fastened 

to the head of the mattress and longitudinal cables, and run ashore and 
anchored to dead men placed SO feet back from the top of the bank. Anchor 
cables are to be placed on the bank so as to form a 45 degree angle or less 
with the head of the mattress. 


Longitudinal Cables 

Irongitudinal cables of S/16" galvanized wire cable fastened to the 
head of mattress and to the anchor cables, and spaced 9 feet apart, across 
the entire width of the mattress, shall be run continuously throughout the 
entire length of mattress. Each cable shall be twined along its weaver and 
top plank, drawn taut and clamped to the weaver and top plank at each turn 
with a galvanized iron staple. 

Lateral Cables 

Lateral cables consisting of single lines of one half (J4) inch galvanized 
wire cable shall be run across and through the width of the mattress at right 
angles to the weaver and shall be spaced 40 feet apart. Each cable shall have 
a turn around each weaver except the inner and outer weaver, at which it 
shall have two turns and shall be secured with two clamps. Each one-half 
inch (^) lateral cable shall head up the bank and be anchored to a “dead 
man” placed not less than 5 feet back from the top of the bank. Each alter- 
nate cable shall be of five-sixteenths (5/16) inch galvanized wire cable and 
shall be run across and through the mattress from the outer to the inner 
weaver, and shaU be evenly spaced between the inch lateral cables. Each 
5/16" cable shall have a turn around each weaver except the inner and 
outer weaver at which it shall have two turns and shall be securely clamped. 

Replacing Broken Boards and Wire Lashings 

After launching and before sinking the mattress, all boards that have 
become broken shall be replaced, and all cables and wire lashings tightened 
and put in a satisfactory condition. 


Ballasting Mattress 

AH mattresses shall be properly sunk to the bed of the river by being 
evenly weighted with one-man stone of good quality that will not disintegrate 
under the action of air or water. The stone shall be in pieces weighing on an 
average about 75 pounds to the piece, no pieces to weigh less than SO 
pounds nor more than 100 pounds. A minimum of one-half (j^) cubic yard 
of stone shall be used to the square (100 square feet), or more stone shall be 
UMd if ^uired, to insure the mattress coming in good contact with the bed 
of the river at all points. Great care must be exercised in order to prevent 
^e mattress being broken or damaged in sinking and stone should not be 
topped or thrown on the mattress with sufficient force to break or injure 
the boards m the body of mattress. The cost of the stone and the dis- 
mbuting of same shall be included in the price to be paid for constructing 

trip. TTlJltt'rPM ® 


Deadmen 

Deadm<m s^ be of any variety good sound timber acceptable to the 
Engm^r. Deatoen shall be of diameter not less than 10 inches if round 
cross-section if square and shaU be not less than S feet in 
hol^ for deadmen shall be excavated to a depth not less than 4 
feet below ground surface. To reach deadmen, lateral cables shall be passed 
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through trenches, which shall be backfilled and well tamped. Holes for 
“deadmen** shall be backfilled and well tamped and sufficient excess earth left 
on top to allow for settlement. 

Material 

All wire used shall be No. 9 soft galvanized wire. 

All wire cable shall be inch, 5/16 inch and 54 inch galvanized wire 
cable having a tensile strength of approximately 5000 lb. 

All nails shall be lOd galvanized wire nails. 

All bolts shall be 54 inch machine bolts fitted with two suitable washers. 

The connection between cables shall be secured with clamps made from 
good commercial iron free from flaws or defects. 

All splices and hitches made in cables shall be made with square knots. 

It is the spirit and intent of these specifications to secure for the Railroad 
Company a substantial and complete installation. Contractor must at all 
times have on the work sufficient equipment and labor to properly carry out 
the work in a satisfactory manner and without avoidable delays. 


SPECIFICATIONS FOR MUD CELLS 

The mud cells, located on the foundation mattress, shall be made of poles 
and brush, made up into cells or cribs eight (8) feet square, with a total 
height above top of mattress as may be directed by the Engineer. The cells 
shall be built on the mattress at such location and in such manner as directed. 

Poles and Brush 

The poles and brush composing the mud cells shall be^ live straight willow 
or other timber acceptable to the Engineer and of following sizes: 

Poles shall be from fifteen (IS) to thirty (30) feet in length, and not 
less than three (3) inches in diameter at the tip and, or more than eight (8) 
inches in diameter at the butt end. 

Brush .shall not be less than twelve (12) feet in length, and not exceed- 
ing three (3) inches in diameter at the butt end. 

Construction of Mud Cells 

In beginning the mud cells, poles of the size specified above shall be laid 
on the mattress parallel with its length and spaced eight (8) feet centers. 
These poles shall be the length of the proposed mud cells. 

The poles in these rows shall lap not less than four (4) feet and splices 
shall be made with two lashings of No. 9 wire doubled at each end of the lap. 
All lines of bottom poles shall be secured to each row of longitudinal sewing 
cables of the mattress by means of 5/16 inch galvanized wire cable. After 
the bottom poles have been laid and securely bound to the mattress cross 
poles alternating with bundles of brush and longitudinal poles alternating with 
brush shall be laid successively so as to form cells eight (8) feet square and 
the work shall be continued in this manner until the mud cells are completed. 
The poles and brush used in forming the cells shall be laid so as to interlock 
with those of each adjacent cell, so that the lap in any line of poles shall 
not come opposite to the lap in any adjoining line. In building the cells, 
cross poles shall be laid so as to project eight (8) feet to form the outside 
cell in the next row, and longitudinal poles shall project from the downstream 
side of each row of cells, a distance of twelve (12) feet so as to interlock 
and tie into the cells in adjoining rows. After each set of cells have been 
carried to full height, each intersection of the longitudinal and cross poles 
shall be tied with a single line of 5/16 inch galvanized wire cable passed un- 
der the sewing cables of the mattress and up over, and around the top layer 
of poles or brush and twisted so that no movement of the brush or poles in 
the cells will occur. 

A layer of brush approximately six (6) inches in thickness shall be dis- 
tributed uniformly over tihe top of the mud cells to form a decking over them. 
The brush shall be lapped not less than four (4) feet at points of splicing 
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and shall be bound to the top poles of the mud cells at each intersection of 
the longitudinal and cross poles, and at points midway between the inter- 
sections with double strands of No. 9 galvanized wire. Top poles laid over 
the top poles of the cells shall then be laid over the decking and bound every 
four (4) feet with double No. 9 wire ties. After the decking has been placed 
as specified above, the cells shall be ballasted as specified below. 

Ballast consisting of “one-man” stone, of good quality, such as will not 
disintegrate under action of air or water, shall then be placed close together 
along the top poles of the decking so as to hold the brush firmly in place. 
The stone shall be in pieces weighing on the average approximately one 
hundred (100) pounds and no piece ^all weigh less than twenty -five (25) 
pounds, nor more than one hundred and fifty (150) pounds. Three quarters 
(^) of a cubic yard of ballast shall be used to the “square” (100 square 
feet) of decking. During the construction of the mud cells, a single line of 
one-half (J^) inch anchor cable shall be attached to the mud cells at a point 
midway between the top and bottom, and shall be run ashore to “dead men” 
placed as specified under “mattress construction.” The anchor cables shall 
have a turn around longitudinal poles and each succeeding line of inside poles 
of the mud cells. 


SPECIFICATIONS FOR RIPRAP BANK PAVING 
Paving Stone 

The paving stone shall be of one-man stone of good quality such as 
will not disintegrate under the action of air or water. The stone shall be in 
pieces approximately rectangular in cross-section and shall weigh an aver- 
age of one hundred (100) pounds per piece, no piece to weigh less than 
twenty-five (25) pounds nor more than one hundred and fifty (ISO) pounds. 

Cast Paving 

Wherever directed by the Engineer the upper or inner portion of the 
mattress from the low water’s edge or inner edge of the mattress to a point 
ten (10) feet out onto the mattress shall be paved by casting paving stone. 
The stone shall be placed in such manner as to completely cover the surface, 
and cast paving shall have a minimum thickness of ten (10) inches. Cast 
paving shall be paid for the same as slope paving. 

Slope Paving 

Wherever directed and previous to paving the slope, the space just 
above the shore or inner edge of the mattress shall be filled with spalls or 
small stones flush with the top of the mattress, and running out to no depth 
four (4) feet up the slope, so as to fair out the surface in advance of the 
paving. The cost of spalling or filling shall be paid for as extra rock per 
cubic yard. 

The slope paving shall commence at the bottom of the slope at low 
water’s edge and progress upward to a line at or near the top of the slope as 
may be directed by the Engineer. * Each stone shall be placed by hand and 
firmly bedded. Paving stone shall be so placed as to completely cover the 
surface of the slope, whenever paving stone is of such shape as will not per- 
mit the stone to come in good contact with the surface of slope and other 
stones, the voids or holes under and between the stones shall be filled with 
spalls or small stones in sudh manner so as to secure even and tight paving. 

The depth of paving normal to slope and measured from the top of 
finished slope, shall be eight (8) inches at the upper edge of paving at the 
top of slope, and twelve (12) inches at the bottom of the slope at low 
water’s edge, given an average depth of ten (10) inches measured from the 
top of the finish^ grade to the upper surface of the paving. 

After paving stone has been placed and before final acceptance is given, 
the voids in the paving are to be filled with spalls or small stones, in order to 
secure a_ comparatively smooth and unbroken surface. The cost of such 
spalling is to be included in the cost of the paving. 
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SPECIFICATIONS FOR ANCHOR PILING 

A line of piling shall be driven along the bank as a means of anchoring 
the mattress and for support of the embankment- 

(The piles used for this work should meet that portion of the require- 
ments under “Specifications for Timber Piles” which appears on page 469 
of the Manual issued in 1929, which will insure sufficient length of life of 
piling to accomplish the purpose for which they are driven.) 

Piles shall be driven plumb to a penetration of not less than IS feet on 
a line to be designated by the Engineer, and shall be placed approximately 12 
feet center to center. Previous to completion of the work, the piles shall be 
sawed off at an elevation to be designated by the Engineer. 


Appendix B 
HARBORS 

W. L. Morse, Chairman, Sub-Committee; W. J. Backes, E. A. Craft, R. G. 

Develin, W. E. Hawley, C. R. Howard, G. A. Rodman, E. H. Roth, C. U. 

Smith, R. C. Young. 

Your Committee respectfully presents herewith report covering the follow- 
ing subjects: 

(5) Various types of Dredges and their respective uses. 

(6) Specifications for Dredging. 

(7) Silt deposits in fresh water rivers at the meeting point with brackish 
waters, also the effect of slight salinity on such deposits. 

(8) Results of deepening channels on the salinity of rivers and estuaries. 

Action Recommended 

(5) That the report on the various types of dredges and their respective 
uses, as presented by Sub-Committee “B,” Appendix B-5, be approved and 
placed in the Manual; 

(6) That the specifications for dredging as presented by Sub-Committee 
“B,” Appendix B-6, be approved and placed in the Manual; 

(7) That the report on silt deposits in fresh water rivers at the meeting 
point with brackish waters, also the effect of slight salinity on such deposits, 
as presented by Sub-Committee “B,” Appendix B-7, be accepted as informa- 
tion and the subject dropped; 

(8) That the report on results of deepening channels on the salinity of 
rivers and estuaries, as presented by Sub-Committee “B,” Appendix B-S, be 
accepted as information and the subject dropped. 


Appendix B-5 

(5) TYPES OF DREDGES AND THEIR RESPECTIVE USES 

Dredges are machines for excavating material from the bottom of a body 
of water, raising it to the top and dumping it onto banks or into scows for 
removal to a distant point. They are classified as floating dredges when 
mounted on scows or other form of vessel, or land dredges when used to 
travel on land but which excavate from beneath the level on which they 
stand and genersiUy from beneath the water. 

There are two general types of floating dredges, bucket and hydraulic, 
usually classified as grapple dredge, dipper dredge, ladder dredge and suction 
dredge. 
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BUCKET DREDGES 

Grapple Dredge 

In this type the digging element is a grab bucket operated by ropes. 

Dipper Dredge, sometimes called Scoop Dredge 

This type has a bottom dumping bucket mounted on a handle and oper- 
ated from a boom at one end of the scow and is similar to a steam shovel. 
The machine is very heavy, being supported on spuds while handling material. 
Considerable time is lost when shifting its position due to adjustments of the 
spud supports. It can be used in very hard material such as rock, or old 
foundations which is loaded into scows or sometimes deposited on banks along- 
side the dredge. 

Clam Shell 

There are two types of this dredge, one for soft material and one for 
hard material, the latter being equipped with teeth. Clam shell dredges are 
the most practicable machines for loading silt or soft material into scows 
which material is usually deposited a considerable distance from the point of 
removal. They can be used in excavating material from close to a dock. 

Orange Peel 

This type is very successful in dredging hard material containing debris 
such as chains, anchors, loose wood, etc., where the dredged material is to be 
loaded into scows, and can be used in dredging material from close to a 
dock. 

Ladder Dredge 

Dredges of this type have an endless chain bucket elevator extending 
down into the water on a frame or ladder. They deposit the dredged ma- 
terial into discharge hoppers by means of scraper buckets attached to a chain 
which passes around a vertical frame or ladder with tumblers at each end, 
being driven from the upper tumbler. 

HYDRAULIC DREDGES 

Suction Dredge 

In this type, excavated material mixed with water is drawn into a cen- 
trifugal pump through an intake pipe and deposited onto a bank or into a 
scow. 

It is a practicable machine for removing sand, gravel and in fact almost 
any class of material that does not contain a large amount of debris. It 
will not remove material containing pieces of drain, piles, wood, anchors and 
other similar debris as such will dog the pumps or otherwise obstruct the 
pipe. This machine is generally used in filling in low lands. If the material 
to be removed is silt or soft mud, the area filled in will require several years 
to dry out; therefore, for land fills that should become solidified quickly only 
sand or gravel should be used. 

Sea Going Hopper Dredge 

This is a self-propelled hydraulic dredge which dredges the excavated 
material into bottom dumping hoppers within its own hull and carries it to a 
dumping ground by its own propelling machinery. This type is especially 
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developed for work on ocean bars where it can continue dredging long after 
rising seas would drive other dredges to shelter. It is efficient and economical 
for harbor work where the material is such as can be pumped (where the cut 
is 1,000 feet long or more) and where the distance to the point of deposit is 
too great for pipe line dredges. To deepen a slip or remove a small shoal it 
has to work at anchor which increases the cost by double or more. It can be 
used to better advantage in channels where traffic is congested than other 
types of dredge. 


Appendix B-6 

(6) DREDGING SPECIFICATIONS 

1. The general location and dimensions of the 

to be dredged are shown in detail on plan or plans marked: 


which form a part of these specifications. 

Work to Be Done 

2. The to be dredged so that 

shall have throughout upon the completion of the work the depth specified 

over whole extent as shown on the plan or plans, 

with the banks at the sides sloped at an angle not flatter than 1 on 3, unless 
otherwise specified. 

Location 

No payment will be made for material dredged outside the specified 
limits, as shown by the soundings, unless the same is specifically ordered in 
writing by the Engineer before the excavation is made. 

Physical Data 

3. Note. — ^These may include general features affecting the work, such 
as range of tides, wave action, exposure to storms, unusual currents, duration 
of usual working season, presence of cables, pipes, or tunnels, bridges across 
the channel or across the route to the dumping ground, and a reference to 
the regulations concerning the same. 

Bench Marks 

4. The plane of reference of as used in these specifications 

is that determined by the following bench marks: 

Note. — Give location and description of bench marks and relation to the 
stated plane of reference. 

Traffic 

5. Note. — ^Describe the usual character of traffic in the channel with 
reference to the effect it may have on contract operations. 
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Overdepth Dredging 

6. In doing the work the Contractor shall make the bottom of the 
excavation as smooth and level as possible at or slightly below the plane of 
the required depth, but no payment will be made for any material dredged 

from more than foot or feet below the required depth as 

determined from information obtained by surveys made under the direction of 
the Engineer upon the completion of all the work covered in this contract, 
except that, when the quantity of material excavated is to be determined by 
place measurement, the soundings made for the various estimates and the re- 
moval of shoals shall be conclusive and deductions for overdepth or material 
excavated outside the specified limits will be based upon the result of these 
soundings. 

Payment will not be made for material taken from beyond the limits 
above described which will be deducted from the total amount dredged as 
excessive overdepth dredging. 

Side Slopes 

7. Material actually removed, within limits approved by the Engineer, 
to provide for final side slopes not flatter than 1 on 3, unless otherwise 
specified, but not in excess of the amount lying above this limiting side slope, 
wiU be estimated and paid for, whether dredged in original position or after 
having fallen into the cut. In computing the limiting amount of side slope 

dredging an overdepth of feet, measured vertically will be 

used. 

Payment will not be made for material taken from beyond the limits 
above described which will be deducted from the total amount dredged as 
excessive side ^ope dredging. 

Quantity of Material 

8. The amount of material to be removed, including the required side 
slopes at an angle of 1 on 3, unless otherwise specified, exclusive of allowable 

overdepth, is estimated to be cubic yards, but this amount 

shall not control the performance of this contract, and the Contractor shall 
be bound thereunder whether or not such estimate is approximately correct. 

Character of Materials 

9 The material to be removed is believed to be 

but bidders are 

expected to examine the work and decide for themselves as to its character and 
to make their bids accordingly, as the Railroad does not guarantee the ac- 
curacy of this description. 

Work Covered by Price Bid 

10. The price bid per cubic yard for dredging shall cover the cost of 
removal and disposition of all material encountered. Material to be classified 
as ledge rock* must be of such composition as, in the opinion of the Engineer 
shall require blasting or use of special plant for its removal, and shall not 
include fragments of rock or boulders capable of being removed by the dredge 
in one piece. Boulders in excess of 5 cubic yards in volume will be considered 
as ledge. 

Method of Measurement 

11. (A) —The amount of excavation done will, wherever practicable, be 
determmed by measurements of the dredged material in place, or 
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(B) — If measured on scows in which it is placed for transportation to 
the dumping ground the determination of value of work done will be based 
upon such measurements after deducting the volume, if any, which may be 

excavated for more than feet below the required depth and 

side slopes. 

The number of cubic yards of boulders or ledge rock excavated will be 
determined by measurement made by the Engineer, payment for which will be 
based upon such measurements. 

Scow Measurement 

12. The material removed by scows will be measured by the cubic yard in 
scows at the dredge by the Engineer, but the Contractor will be held re- 
sponsible for its satisfactory disposal and proper deductions will be made for 
all material that is not deposited according to the specifications. No scow 
will be used in the work until the measurements for determining its capacity 
have been made under the direction of the Engineer, and, if necessary, it must 
be hauled out or beached for this purpose. Scows will be remeasured without 
hauling or beaching whenever in the opinion of the Engineer it is expedient. 

The Contractor is required to be present in person or to be repre- 
sented by an authorized agent during the measuring of scows. When the 
capacities of the scows are determined, or redetermined, a record of allowed 
capacities will be sent to the Contractor; if he protests within five days the 
scow will be remeasured at his expense and he must be present in person or 
be represented by a capable accredited agent, so that correct measurements 
can be agreed upon. Failure to protest within five days will be considered 
acceptance of the measurements. 

If any alterations are made in any scow it must be inspected and, if 
necessary, remeasured before again being used in the work. Each scow will 
be plainly marked by a distinctive number, letter or name which shall not be 
changed or given to any other scow during the period of the contract. 

To insure correct measurements, the pockets shall be filled evenly as far 
as practicable. The judgment of the Engineer as to whether or not a scow 
is properly loaded, or to what extent it is short or overloaded, is final unless 
a protest is made by the Contractor or his duly accredited representative 
before the scow is moved away from the dredge. In case a protest is made, 
the contents of the scow shall be leveled off immediately by the Contractor 
and properly measured to the satisfaction of the Engineer. 

Whether or not contract depth is being made will be determined by 
soundings or sweepings taken behind the dredge as the work progresses and 
the Contractor will be advised of the results. Should this survey disdose 
any excess of overdepth or side slope dredging, the amount of such excess 
will be deducted from the monthly estimates. 

Place Measurement 

13. The material removed will be measured by the cubic yard in place by 
means of soundings or sweepings taken before and after dredging. The maps 
referred to are believed to represent accurately the average existing condi- 
tions; but they will be verified and corrected, if necessary, by soundings taken 
shortly before dredging is begun in any locality. Soundings or sweepings will 
be made, as far as practicable, of the entire area dredged as the work pro- 
gresses and so far as practical the contractor will be advised of the results 
before anchors are shifted. Monthly deductions for excessive overdepth or 
side slope dredging and monthly payments for approximate net results, will be 
based upon these surveys. 

Final Bxamination and Acceptance 

14- As soon as possible after the completion of the contract the area 
dredged wiU be examined thoroughly by soundings and by sweeping, to the 
extent determined advisable by the Engineer. Should any shoals, lumps or 
other lack of contract depth be disclosed by this examination the Contractor 
will he required to remove them unless relieved by orders of the Engineer. If 




the bottom is soft and the shoal areas are smaU and form no material ob- 
struction to navigation, the removal of such shoal may be waived, m the dis- 
cretion of the Engineer. , . j i. 

The Contractor or his authorized representative will be notified when 
soundings are to be made, and will be permitted to accompany the sounding 

^^^Final estimates will be based entirely on the difference between the last 
soundings made before dredging and the results of the last examination, 
subject to proper deductions or correction of deductions for excessive over- 
depth dredging or excessive side slope dredging. 

If the material removed has been measured in scows, the final payment 
will be subject to proper deductions or correction of deductions already 
made on account of excessive overdepth dredging or excessive side slope 


dredging. 

If the material is to be measured in place the final estimates will be 
based entirely on the difference between the soundings made before and after 
dredging and corrected by proper deductions for excessive overdepth or exces- 
sive side slope dredging. 


Shoaling 

15. Should the last examination of the contract work, extended^ to in- 
clude the entire area, show shoaling since the work was done or shifting, for 
which the Contractor is evidently not responsible and which shall include 
shoals in the finished channel formed by the natural lowering of side slopes, 
between the time of dredging and that of the last examination herein re- 
ferred to, redredging at the contract price may be done, if agreeable to both 
the Contractor and the Engineer. 


Order of Work 

16. The work is to be carried on at such localities and in such order or 
procedure as may be found necessary by the Engineer. The location and 
limits of the work to be done will be plainly indicated by the Engineer by 
stakes and ranges or otherwise, and gages will be established to show stages 
of water with reference to the datum plane for dredging. The Contractor 
may be required to suspend dredging at any time, when, for any reason, the 
gages and ranges cannot be seen or properly followed. 

In order that the Contractor may receive proper payment, the full depth 
required under the contract must be secured in the whole of the area worked 
over as the work progresses, unless prevented by ledge rock. 


Disposal of Excavated Material 

17. The material excavated must be transported and deposited at. 

The maximum distance to which the material must 

be transported will not exceed and the average 

distance will not exceed The dumping ground 

must be plainly marked by the Contractor by conspicuous buoys or stakes 
and no diunping shall be done unless an accredited inspector is present at the 
time. 

In case the material is deposited in confined areas, all embankments or 
bu^eads needed for confining or grading the material, with necessary waste 
weurs, must be provided and maintained by the Contractor and the cost 
thereof shall be included in the price bid. 

Provided that a bidder submits with his bid an adequate description of a 
dumping ground other than that stipulated in these specifications, such devia- 
tion as to the place of disposal will be considered in making the award. If, 
after the award of the contract, a dumping ground other than stipulated in 
these specifications is proposed, its acceptance will be subject to the approval 
of the Engineer. In either event the Contractor shall obtain the written con- 
sent of the owners of the substituted grounds and furnish evidence thereof 
to the Engmeer before proceeding with the work. AU expenses incurred in 
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connection with providing and making available such dumping grounds shall 
be borne by the Contractor and all materials deposited thereon and all opera- 
tions in connection therewith shall be at the Contractor’s risk. 

In the disposal of dredged material the Contractor will be required to 
observe all laws and governmental requirements. 

Lights 

^ 18. If work at night is permitted by the Engineer the Contractor shall 
maintain, from sunset to sunrise such lights on or about his plant as the 
Engineer may deem necessary for the proper observation of the dredging 
operations. 

Obstructions 

19. The Railroad will not undertake .to keep the channel free from ves- 
sels or other obstructions, except to the extent of such regulations, if any, as 
may be prescribed by proper governmental authority. The Contractor will 
be required to conduct the work in such manner as to obstruct navigation as 
little as practicable and in case the Contractor’s plant so obstructs the chan- 
nel as to endanger the passage of vessels, said plant shall be promptly moved 
on the approach of any vessel to such an extent as may be necessary to 
afford a practicable passage. Upon the completion of the work the Contrac- 
tor shall promptly remove his plant, including ranges, buoys, piles and other 
marks placed by him under the contract in navigable waters or on shore. 

Inspection 

20. The Contractor will be required: 

(a) To furnish, on the request of the Engineer, the use of such boats, 
boatmen, laborers and material forming a part of the ordinary 
and usual equipment and crew of the dredging plant, as may be 
reasonably necessary in inspecting and supervising the work. 

(b) To furnish, establish and maintain in good order all range 
marks, stakes, gauges and buoys required for the proper execu- 
tion of the dredging. 

(c) To provide, when required by the Engineer, suitable transporta- 
tion from all points on shore designate by the Engineer to and 
from the various pieces of plant and to and from the dumping 
grounds. 

(d) The Contractor shall furnish regularly to inspectors on board 
the dredge or other craft upon which they are employed, a 
suitable separate room for office and sleeping purposes if his 
plant affords room therefor. The room shall be fully equipped 
and maintained to the satisfaction of the Engineer. 

The cost of meeting all of the foregoing requirements shall be included 
in the price bid. 

Plant 

21. The plant shall be of sufficient size to meet the requirements of the 
work and shall be kept, at all times, in condition for efficient work, subject to 
the inspection and approval of the Engineer. 

All scows must be kept in good condition, the coamings kept repaired 
and the pockets provided with proper doors or appliances to prevent leak- 
age of material. 

All pipe lines for hydraulic machines must be kept in good condition at 
all times, and any leaks or breaks along their length must be promptly and 
properly repaired. 
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Appendix B-7 

(7) SILT DEPOSITS IN FRESH WATER RIVERS AT THE 
MEETING POINT WITH BRACKISH WATERS AND THE 
EFFECT OF SLIGHT SALINITY ON SUCH DEPOSITS 

Very little information of any value on this subject has as yet been 
found. It is a generally accepted fact that salinity does affect deposits of 
silt. To establish more infonnation on this subject of any value to railroads 
would require a great deal of study, the resulting value of which is not ap- 
parent and it is recommended that the subject be dropped. 


Appendix B-8 

(8) RESULTS OF DEEPENING CHANNELS ON THE 
SALINITY OF RIVERS AND ESTUARIES 

There is undoubtedly a great deal of information on this subject, but the 
Committee lacking the funds for a suitable and sufficient investigation of the 
matter, recommends that the subject be dropped. 


Appendix C 

(2) HARBOR STRUCTURES 


W. H. :^rkbride, Chairman, Sub-Committee; E. A. Craft, K. B. Duncan, B. 
Elkind, R. E, Fristoe, W. E. Hawley, C. R. Howard, R. J. Middleton, 
G. A. Rodman, C. U. Smith, C. E. Weaver, W. P. Wiltsec, R. C. Young. 


Your Committee has collected a large amount of infonnation bearing on 
^e subjects assigned to it, but has been unable to make a sufficient study of 
it to permit the preparation of a report. The Sub-Committee therefore, re- 
ports progress and recommends the continuance of the subjects. 


■ 



REPORT OF COMMITTEE X— SIGNALS AND 
INTERLOCKING 

F. W. Pri^JGiNG, Vice-Chairman; 

H. G. Morgan, 

H. H. Orr, 

J. A. Peabody, 

A. H. Rtjdd, 

T. S. Stevens, 

E. G. Stradling, 

C. H. Tillett, 

W. M. Vandersluis, 

R. C. Wbjte, 

F. B. WiEGAND, 

L. Wyant, 

Committee. 

To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects; 

(1) Developments of Automatic Train Control and Cab Signals (Ap- 
pendix A). 

(2) Improvement in Railway Operating Efficiency (Appendix B). 

(3) Progress Made in the Use of Modern Railway Signal Systems (Ap- 
pendix C). 

(4) Current Activities of the Signal Section During Past Year (Ap- 
pendix D). 


W. M. Post, Chairman; 

F. D. Beale, 

W. E. Boland, 

G. H. Dryden, 

W. J. Eck, 

W. H. Elliott, 

G. E. Ellis, 

P. M. Gault, 

J. V. Hanna, 

C. R. Hodgdon, 

W. W. Houston, 

C, A. Mitchell, 

J. C. Mock, 


Action Recommended 

(1) That the report in Appendix A be received as information. 

(2) That the report in Appendix B be received as information. 

(3) That the report in Appendix C be received as information. 

(4) That the report in Appendix D be received as information. 

Respectfully submitted, 

The Committee on Signals and Interlocking, 

W. M. Post, Chairman. 


Appendix A 

(1) DEVELOPMENTS OF AUTOMATIC CONTROL AND 
CAB SIGNALS 

G. E. EUis, Chairman, Sub-Committee. 

There has been no change in the situation as regards automatic train 
control since the last report in Volume 31 of the A.RJEA. Proceedings, page 
1032. All of the devices in service are working in a satisfactory manner. 

Bulletin 334, February, 1931. 
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INTERSTATE COMMERCE COMMISSION ORDERS 

No orders have been issued by the Commission. Under date of Novem- 
ber 26, 1928, a report was issued on the hearings of the previous spring. 
This was referred to in the report of the meeting in March, 1929. In that 
report it was stated that no additional orders for train control would be 
issued then, but that the matter would be held open for such further orders 
as may be retiuired. This is a plain intimation that the Commission has not 
abandoned the thought of train control, although it is clearly inclined to give 
the carriers an opportunity to make improvements in other lines which each 
one might think more suitable for its needs. This idea is also brought out in 
the statement made by S. N. Mills, Assistant Director of the Bureau of 
Safety, at the September, 1930, meeting of the Signal Section. 

Following out the desire expressed by the Commission in its report of 
November 26, 1928, the Bureau of Railway Economics, co-operating with the 
Committee on Automatic Train Control, has collected for the years 1928 and 
1929 data as to expenditures by the carriers for items particularly relating to 
safety of operation. These figures were submitted to the Commission and 
are being used in its annual reports. 

Progress 

The number of installations remain the same as in the last report, but 
additional installations not required by the orders have been made by the 
Richmond, Fredericksburg & Potomac Railroad, extending their installation a 
short distance on each end. The Boston & Maine Railroad has also equipped 
the Hoosac Tunnel for operation on both tracks in either direction with the 
intermittent inductive type, but only the electric engines which pull all 
trains through the tunnel are equipped. The Southern Pacific Company has 
installed train control through the snowsheds on the Sierra Nevada Mountains, 
about 29 miles of road. The joint track used by the Pennsylvania and Balti- 
more & Ohio Railroads between Newark and Columbus, Ohio, has been 
equipped so that Pennsylvania engines already equipped with train control 
will have that protection into Columbus. The Pennsylvania has also equipped 
a short section of track to connect the West Jersey & Seashore with the 
Delaware River Bridge Line. The New York, New Haven & Hartford has 
equipped 14.85 miles of a third track on the second order territory for opera- 
tion in both directions. Exhibit A shows these additional installations in de- 
tail. As there has been no material changes in the major installations it has 
not been felt necessary to repeat Exhibit A of last year’s report. 

I.C.C. Inspections 

All of the installations have now been inspected by representatives of the 
Commission and reports printed. Abstracts of those not previously given are 
included as Exhibit C. The engineers of the Commission are now visiting 
again the various installations to ascertain the progress made in meeting the 
exceptions and criticisms embodied in the different reports. It is expected this 
work will be completed during the present year. 

The Committee on Automatic Train Control is working on the problem 
of interchangeability, and the need for this is illustrated by Exhibit B show- 
ing locomotives operating over portions of other lines. In some cases dif- 
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ferent types are involved and duplicate apparatus is required on the loco- 
motive or track. 

Later and more complete data can be secured from the information issued 
and from the bulletins prepared by the Committee on Automatic Train Con- 
trol of the American Railway Association. 

The cab signal has come into prominence recently, and has been made 
practical by certain developments in automatic train control devices, par- 
ticularly of the continuous types. While cab indicators have been known for 
a considerable period and have been recommended and used abroad, no 
actual use of them was made in this country until train control was required 
by the Interstate Commerce Commission in its order of January 10, 1922. 
Certain test installations used a cab indicator which, however, has not the 
same significance as the cab signal. 

The definitions of the Interstate Commerce Commission, to be used in 
the preparation of performance reports, are as follows: 

Cab Signal — ^A device located in the cab which displays an indication 
of the condition of the controlling section, or of fixed signals in 
advance. 

Cab Indicator — ^A device located in the cab which indicates the 
condition of one or more elements of the automatic train con- 
trol apparatus. 

The distinction between these two is definite. 

While it has been stated above that cab signals were rendered feasible 
through the development of continuous train control, an intermittent cab in- 
dicator is recognized but it does not possess the same advantages as the con- 
tinuous cab signal. It is felt that if an engineman is to receive a signal in- 
dication in the cab it must be subject to constant control through changing 
conditions on the track, in order not to be misleading, as it might be if of an 
intermittent character. 

Some of the installations made to comply with the orders of the I.C.C. 
used a cab indicator to indicate when the apparatus had functioned, or to 
show other conditions as to its operation. A cab signal was installed in con- 
nection with installations of the continuous type with the use of wayside 
signals, and in the case of three carriers, wayside “stop and proceed” signals 
were not installed or else were removed when the installation was made. 

The Interstate Commerce Comnaission in its order of January 10, 1922, 
requiring automatic train control, recognized the possibility of establishing a 
device to control trains without the use of automatic block signals. This im- 
plied the use of cab signals, although the type was not specified. 

The Pennsylvania Railroad has started the installation of cab signals 
without the use of the automatic stop feature, but continuing the use of way- 
side signals. At the present time the territory from Manhattan Transfer to 
Washington and Altoona to Pittsburgh is so equipped. The installation uses 
the coder type of continuous control, the same as used on those divisions 
where the automatic stop is in service. The cab equipment consists of a 
vertical row of discs through which illuminated series of small circles give an 
indication similar to that displayed by the signals. Two signals are used, 
one on each side of the cab, and a loud sounding whistle is employed to 
attract attention when a change to a more restrictive indication takes place. 
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This whistle continues to sound until shut off by the engineman, or if he is 
incapacitated the whistle sounds until it is shut cff by the fireman whom it 
calls to take charge. The Pennsylvania Railroad has installed at the present 
time on about 807 miles of track, and has equipped 776 engines and 200 
multiple unit cars. 
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Exhibit C 

Installation: Long Island Railroad. 

Device: Union Switch & Signal Company Continuous Stop— Code. 

First Order: H Tower, Long Island City, to Port Washington and Whitestone 
Landing — 8.8 miles single track — 12 miles double track. 

Second Order: Jamaica to Babylon, N.Y. — ^27.6 miles double track. 

48 locomotives (both steam and electric) and 250 Multiple Unit cars for 
both orders. 

Exceptions: None. 

Requirements: As to Maintenance, Inspection and Tests. 

Studies should be continued as to the elimination of intermittent chang^ 
of cab signal indications both inside of and outside of equipped terri- 
tory. 

Additional protection to be provided at one interlocking. 

Lack of uniformity in maintenance at different points should be cor- 
rected, and a thorough system of inspection and maintenance should 
be established to keep equipment in proper operative condition. 

Installation: New York, New Haven & Hartford Railroad. 

Device: Union Switch & Signal Company Continuous Stop^^-^ode. 

Second Order: New Haven, Conn., to Auburn, RJ. — 106 miles double track — 
2.58 miles three track — 2.3 miles four track — 149 locomotives. 

Exceptions: None. 

Requirements: As to Maintenance, Inspection and Tests. 

Fouling protection and switdh-cireuit controller used for protection for 
an open switch are on open-circuit principle. 

No cab signal other than the most restrictive should be displayed after 
passing a stop signal, when the safety of the track is in doubt. 

Delayed energization of track circuits with coded current as used at a 
number of locations, did not at all times function to require 
acknowledgment at restrictive signals. 

Track circuits at certain locations did not initiate an automatic brake 
application braking distance from a stop signal. 

Pneumatic circuit controller designed on open-circuit principle. 

Locomotives operating over equipped territory should be given a depar- 
ture test. 

Means were not provided at entrance to train-stop territory to insure de- 
vice is in operating condition when such locomotives operate over 
one or more divisions before entering train-stop territory. 

Non-equipped locomotives frequently operated in road service over train- 
stop territory. 

Portable test instruments at certain locations did not provide an ac- 
curate and complete check of the locomotive equipment. 

I nstallation: Pennsylvania Railroad. 

Device: Union Switch & Signal Company Continuous Stop — Code. 

First Order: Baltimore, Md., to Harrisburg, Pa. — 81.5 miles double track — 
1095 locomotives interchangeable on all divisions. 

Exceptions: None. 

Requireinents: As to Maintenance, Inspection and Tests. 

Studies should be continued until the cause of momentary changes of 
cab signal near the insulated joints in both clear and occupied blocks 
has ^been definitely determined. 

Track circuit at one location not long enough to require acknowledg- 
ment of restrictive indication when operating at high speed. 

Installation: Central Railroad of New Jersey. 

Device: Union Switch & Signal Company Continuous Stop— Code 

Second Order: Elizabeth to Bay Head, N.J.— 50.1 miles double track— 2.0 
miles three track— 2.0 mfies four track — 121 locomotives, 49 of whidh 
are equipped for operation over first order. 
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Exceptions: None. 

Requirements: As to Maintenance, Inspection and Tests. 

At certain interlocking plants should a train pass a home signal in stop 
position, it might under certain conditions receive a less restrictive 
cab signal indication. 

Shunt fouling and shunting of switch circuit controllers designed on 
open-circuit principle. 

Cut-in loops at entrance to equipped territory are on open-circuit prin- 
ciple. 

Pneumatic circuit controller for preventing acknowledgment after an ap- 
plication has begun may fail to operate as intended should the pipe 
which supplies brake-pipe air pressure to the controller become par- 
tially restricted or broken. 

Since dispensing with the protection governor the speed governor oper- 
ates on the open-circuit principle. 

Installation: Galveston, Harrisburg & San Antonio Railway (T. & N. O.) 

Device: National Safety Appliance Company Intermittent Magnetic Induc- 
tion. 

Second Order: Glidden to San Antonio, Texas — 119.91 miles single track — 62 
locomotives for both orders. 

Exceptions: None. 

Requirements: As to Maintenance, Inspection and Tests. 

The requirements as to maintenance forestalling valve, securing ade- 
quate braking distance, and consideration of type of fouling protec- 
tion at sidings made in the report on the first installation are called 
to the attention of the carrier. 
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Appendix B 

(2) IMPROVEMENT IN RAILWAY OPERATING 
EFFICIENCY 

W. M, Post, Chairman, Sub-Committee. 

The first step in the survey of the situation was a study of the im- 
provement in freight train performance made during the past ten years by 
the forty-seven railways with annual operating revenues above $25,000,000. 

Improvement in Railway Operating Efficiency 

The freight train performance of each of the roads was tabulated in terms 
of gross ton miles, train miles, train hours and gross ton miles per train hour 
for the years 1920 and 1929 together with the per cent increase or decrease in 
each of the items. 

The roads were divided into three groups on the basis of the ratio of the 
miles of road equipped with automatic block signaling to the main line miles 
of road. (It is safe to assume that the major part of the automatic block 
signaling is on the main lines of the roads.) 

Group A comprises the roads with a ratio of 60 per cent or more of 
automatic block miles of road to main line miles of road. This group made 
the best operating record. 

The ratio of the other groups is as follows: 

Group — ^ratio of 30 to 60 per cent 
Group C — ^ratio of 0 to 30 per cent 

The improvement in operating efficiency is clearly shown by the decreases 
in train miles and train hours and the increases in gross ton miles per train 
hour made in 1929 as compared with 1920 by each of the three groups, as 
shown in Table I. 


Tabix I 

Per cent* 

Decrease Increase 

Group A (with a ratio of 60 per cent or more of 
automatic block mileage) 

Gross ton miles 22 

Train miles !!!!!!!! 9 

Train hours 1 ” 30 

Gross ton miles per train hour 74 


Group B (with a ratio of 30 to 60 per cent) 

Gross ton mil^ 

Train miles 

Train hours !!!.!!! 

Gross ton miles per train hour ” 

Group C (with a ratio of 0 to 30 per cent) 

Gross ton miles 

Train miles 1 1 1 

Train hours 

Gross ton miles per train hour 


23 

65 

38 

8 

60 
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Per cent* 

Decrease Increase 


Average for the three groups 

Gross ton miles 24 

Train miles 4 

Train hours 26 

Gross ton miles per train hour 67 


* Decrease and increase, 1929 in comparison with 1920. 

Chart I is a graphic comparison of the freight train performance of the 
three groups. The striking feature of the comparison is that although all of 
the groups show an increase in gross ton miles ranging from 22 to 38 per 
cent, all of the groups also show a decrease in the time required to move this 
increased freight business, as the train hours decreased 14 to 30 per cent. The 
net result of the improvement was an increase in gross ton miles per train 
hour of from 60 to 74 per cent. 

Table II 

Total Miles of Road, Main Line Miles of Road and Automatic Block Miles 
of Road of the Three Groups 


1919 1920 

Group A (with a ratio of 60 per cent or more 
of automatic block mileage) 

Total miles of road 56,947 53,612 

Main line miles of road 26,730 24,900 

Automatic block miles of road 22,887 16,852 

Ratio of automatic block to main line miles 

of road 85.6* 67.7* 

Group B (with a ratio of 30 to 60 per cent) 

Total miles of road 100,393 98,107 

Main line miles of road 57,754 59,181 

Automatic block miles of road 25,365 13,545 

Ratio of automatic block to main line miles 

of road 43.9* 22.9* 

Group C (with a ratio of 0 to 30 per cent) 

Total miles of road 42,302 40,801 

Main line miles of road 29,308 28,260 

Automatic block miles of road 5,465 3,829 

Ratio of automatic block to main line miles 

of road 18.6* 13.5* 

Average for the three groups 

Total miles of road 199,642 192,520 

Main line miles of road 113,792 112,341 

Automatic block miles of road 53,717 34,226 

Ratio of automatic block to main line miles 

of road 47.2 30.5 


* Group Average. 

If the railroads had not improved their performance in 1929 over that 
of 1920, the train hour expense for 1929 would have been considerably greater 
than the amount actually paid out. For example, if a train hour has a value 
of $20, the saving was approximately $275,000,000. 

It is not claimed that all of the improvement in operating ef&ciency is 
to the credit of automatic block signals as automatic block signaling was 
only one of the many improvements made by the railways during the past 
decade. 

Capital expenditures of the railways for improvements for the last ten 
years aggregate nearly $8,000,000,000, covering new equipment, roadway and 
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structures, additional tracks, heavier rail, car retarders, automatic block signals, 
centralized traffic control, and other items. 

It is, however, claimed that the use of modem signaling systems; auto- 
matic block, centralized traffic control for train operation by signals, inter- 
locking, remote power switches and spring switches, all made their contribu- 
tion to the elimination of train delay and that no small part of the 26 per cent 
saving in train hours is due to the use of modem railway signaling. 

In support of this claim the following by W. J. Cunningham, Professor 
of Transportation of Harvard University, is of interest: 

“The capacity of a railway may ordinarily be increased sub- 
stantially by the installation of modern automatic signals. They 
permit trains to run under closer headway, reduce the number of 
train stops, and otherwise cut down road delays which have been 
from 25 per cent to 33 per cent of total time between terminals. 
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Appendix C 

(3) PROGRESS MADE IN THE USE OF MODERN RAIL- 
WAY SIGNAL SYSTEMS 

The progress made in the use of modem railway signaling systems is 
concisely shown in Chart 2, “Railway Signaling Progress.” 

Miles of 
Road 

Item 1 — ^Miles of road operated by Class I Steam Railways, 1928 240,779 

As the traffic density of some 40,000 miles of the above total is not 
sufficient to warrant modem signaling systems, a conservative estimate 
of the outlook for automatic block signaling should be based on the 
forty-seven railways with annual operating revenues above $25,000,000. 

Item 2 — ^Miles of road of the forty-seven railways, 1928 199,642 

Of this total it has been assumed that at least all of the main line 


mileage should be fully equipped with modem signaling systems. 

Item 3 — ^Miles of road. Main Line, of the forty-seven railways, 1928 

(excludes branches and lines of minor importance) 113,792 

Item A — ^Miles of road of the forty-seven railways equipped with 

automatic block signals, 1929 53,717 


This represents only the automatic block signal mileage. While the 
records do not disclose it, the major part of the signaling was installed 
on the main line mileage. 

Item 5 — ^Miles of road equipped, July 1, 1930, for train operation by 
signal indication on single track lines and in either direction 

on multiple track lines 2,185 

This includes 27 installations of “centralized traffic control,” the 
latest development in directing the movement of trains; a method that 
promises to supersede directing the movement by train orders and time 
table superiorities. 

Item 6 — ^Miles of road equipped with automatic train stops or train 

control devices, 1929 11,541 

The following is from a statement by S. N. Mills, Assistant Direc- 
tor of the Interstate Commerce Commission Bureau of Safety, Sep- 
tember, 1930: 

((3ic nt 3k The railroads have expended, in round figures, 
$40,000,000 for train control. We believe that there is a future for 
train control, that it will grow gradually and normally during the 
next few years.” 

Item 7 — ^Miles of road protected by visual cab signals, 1929 3,482 

The following is from the annual report of the Director of the 
Bureau of Safety of the Interstate Commerce Commission, 1929: 

“Cab signals are without doubt an important development in 
the art of signaling. They place the signal indication immediately 
in front of the engineman where it can not be obscured by snow, 
fog, smoke or other obstructions and where a combination of visible 
and audible indication is used it is without doubt a valuable addi- 
tion to the signal system.” 

Remote power switch machines and car retarders are not included in the 
chart. 
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Th« above data is based on Interstate Conmeroe Coonnlsaion 
statistics except that Item 5 la baaed on American Railway 
Association Signal Section report, 1929, revised to 
Deo, 31, 1929. 
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Appendix D 

(4) CURRENT ACTIVITIES OF THE SIGNAL SECTION 
DURING THE PAST YEAR 

H. H. Orr, Chairman, Sub-Committee. 

Investigations and reports cover the following: 

1. Train operation by signal indication. 

2. Consolidation of interlockings. 

3. Determination of economic value of a remotely controlled switch 
installation. 

4. Operating results obtained by use of automatic block signals replac- 
ing manual block on a 58.3 mile double track line. 

5. Method of comparing operating results before and after improve- 
ment in signal facilities. 

6. Installation of car retarder system. 

7. Signal protection of spring switches. 

8. Centralized traffic control system. 

9. Factors which govern in determining the type of interlocking which 
should be instaUed. (Revision) 

10. Requisites for automatic block signals and manual interlocking. 

11. Requisite for protection by signal in emergencies. (Revision) 

12. Requisites for take siding indicators, leave siding indicators and switch 
indicators. (Revision) 

13. Development of automatic train control and cab signals. 

14. Highway crossing protection: 

(a) Two-direction indications for flashing light signals. 

(b) Shielding lamps from engineman’s view. 

(c) Street traffic signals for highways crossing railways. 

(d) Crossing gates. 

(e) Federal and state activities. 

15. Track circuits with particular reference to the use of rail motor cars. 

16. Table of interlocking units and form for unit distribution. (Revision) 

17. Book of Signaling: 

(a) Chapter XVI — ^Interlocking. 

(b) Chapter XVIII — Electro-pneumatic interlocking. 

(c) Chapter IX — Rectifiers and alternating currents. 

18. Instructions for maintenance and testing of signals, interlocking, rec- 
tifiers and relays. 

19. Definitions of technical terms used in signaling. 

20. Guide for allocating train control expenditures. 

SPECIFICATIONS REVISED 


Old No. New No. 

Electric Interlocking Machine 7619 7630 

Mechanical Interlocking Machine, S. & F. Locking 7527 7530 

Electro-Mechanical Interlocking Machine 13425 13430 

Mechanical Interlocking Machine. Style A Locking 11427 11430 

Alternating Current Relay 7819 7830 

Track Transformer 8319 8330 

Switch Circuit Controller 9520 9530 

Bonding 1352^ 13530 

Channel Pin 2312 2330 

Aerial Braided Cable 8920 8930 

Gray Iron Castings 1611 1630 

Malleable Iron Castings l7ll 1730 

Wrought Iron Bars 1811 1830 

SPECIFICATIONS REVISED AND CONSOLIDATED 
Fuses 3813 & 9620 9630 

NEW SPECIFICATIONS 

Alternating Current Power Transfer Relay 14830 
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To the American Railway Engineering Assodatiom 

Your Committee respectfully presents herewith report covering the fol- 
lowing subjects: 

(1) Revision of Manual. 

(2) Methods for obtaining a more intensive use of existing railway 
facilities, with particular reference to securing increased carrying capacity: 

(a) Without material additional capital expenditures. 

(b) With due regard to reasonable increases in capital expenditures 
consistent with traffic requirements (Appendix A) . 

(3) Methods or formulas for the solution of special problems relating 
to more economical and efficient railway operation (Appendix B). 

(4) Most economical makeup of track to carry various traffic densities, 
collaborating with Committees I — Roadway, II — Ballast, III — ^Ties, IV — Rail, 
V — ^Track and X — Signals and Interlocking, 

(5) Suitable units for operating and equipment statistics required by 
Interstate Commerce Commission to be used on cost comparisons of trans- 
portation, equipment and roadway maintenance, with necessary additions 
thereto, collaborating *with Committees XI — Records and Accounts, XVI — 
Economics of Railway Location, and XXII — ^Economics of Railway Labor 
(Appendix C) . 

(6) Problems of railway operation as affected by the introduction of 
air transport lines, motor truck and bus lines, with particular reference to 
the effect of the latter upon branch or feeder lines, collaborating with Com- 
mittee XIV — ^Yards and Terminals and with the Motor Transport Division, 
AJI.A. (Appendix D). 
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(7) Methods for determining most economical train length, considering 
all factors entering into transportation costs. 

(8) Distribution and utilization of motive power, collaborating with 
Mechanical Division, A.RA. 

(9) Economies resulting from use of radio telephones for long freight 
trains and for yard work, collaborating with Committee XIV — ^Yards and 
Terminals (Appendix E). 

(10) Outline of work for ensuing year. 


Action Recommended 

Your Committee desires to report progress concerning assignments 1, 
4 and 7, and that: 

(2) The report of Sub-Committee (Appendix A) be received with the 
view of having it prepared for presentation and publication in the Manual. 

(3) The report of Sub-Committee (Appendix B) be received for pub- 
lication in the Manual. 

(5) The report of Sub-Committee (Appendix C) be received as in- 
formation and the subject be discontinued. 

(6) The report of Sub-Committee (Appendix D) be received as in- 
formation and the subject be discontinued. 

(8) This subject be discontinued. 

(9) The report of Sub-Committee (Appendix E) be received as in- 
formation and the subject be discontinued. 

Respectfully submitted. 

The Committee on Economics op Railway Operation, 

J. E. Teal, Chairman. 
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Appendix A 

(2) METHOD OF INCREASING THE TRAFFIC CAPACITY 
OF A RAILWAY 

M. F. Mannion, Chairman, Sub- Committee ; B. T. Anderson, L. E. Dale, L. F. 
DeRamus, G. W, Hand, E. M. Hastings, E. L. Hoopes, E. E. Kimball, 
J. F. Pringle, L. S. Rose, J. E. Saunders, W. P. Sloan, B. J. Schwendt, 
J. E. Teal. 

The traffic capacity of a railway can be increased either by making more 
intense use of present facilities or by providing new or additional facilities. 


(I) STUDY OF RAILROAD OPERATION WITH THE VIEW OF 
INCREASING ITS CAPACITY WITH ITS EXISTING 
FACILITIES 

In considering the means of increasing the traffic capacity of a railroad, 
the logical first step is an examination to ascertain: 

(A) If the facilities as they exist are being utilized to the maximum 
capacity. 

(B) What changes, if any, in methods of operation will produce increases 
of capacity, 

(C) What minor additions or alterations to facilities can be quickly 
made which will produce increases of capacity. 

Scope 

For this examination the engine district — embracing two terminals and 
the one hundred miles more or less of line between them — ^is the most suitable 
unit. If the problem should have to deal with more than one such district, 
each will have to be examined of itself, and then with the results so obtained 

they must be studied together, each in its relation to the adjoining districts 
and to the line as a whole, and thus by progressive study the examination 
completed for the entire railroad. 

It will be seen that the examination must deal largely with the operating 
organization of the railroad. It must determine if there is intelligent super- 
vision, if there is proper effort on the part of the men in the ranks, if there is 
co-ordination of the several departments, if a proper esprit de corps pervades 
the organization; in short, if the performance of the machinery in the hands 
of the organization is of a high standard of efficiency. 

The examination should be started by a preliminary study of the operat- 
ing conditions on the district. This will to a large degree determine the scope 
of the more thorough and detailed study which should follow. These studies 
can best be made by examinations of the movement, locomotive performance 
and other operating records, the comparison of the current performances with 
those of former periods, and by consultation with the operating officers having 
the district in charge. 

The preliminary study will probably disclose one of two operating situa- 
tions. 


A 
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(1) A heavy traffic being moved with comparatively free road and 
terminal movements, the volume of business handled approximately equaling 
or exceeding that of prior periods of good performance. 

(2) The road movement free and the terminals — one or both congested, 
or both road and terminals congested, the volume of business moved being 
less than during former periods of good performance. 

Congestion and Embargoes 

The first case is one requiring very careful study and mature considera- 
tion before steps are taken looking to increasing the capacity by changes in the 
methods of operating the district. When a heavy trafific is being moved it is 
logical that the number of cars in yards will be high, that there will be many 
trains on the road and therefore some interference to train movement, that 
the locomotive terminals will have large numbers of locomotives to handle, 
that all the facilities will have heavy loads imposed upon them. Neverthe- 
less, to obtain maximum capacity the road and terminal movements should 
as a rule be free and unrestricted, and the crowding, the over-feeding of any 
part of the machinery reduced to a minimum. It is true that crowding of 
facilities will follow speedily if there are interruptions to traffic and they will 
doubtless be frequent. If of short duration, the resulting accumulations will be 
overcome by the reserve power of the organization; if of longer duration, 
other means of relief should be resorted to, such as the diversion of traffic 
to other routes and the restriction of loading by embargoes. But the remedy, 
whatever it may be, must be applied promptly and vigorously so as to avoid 
congestion and its attendant losses of efficiency and capacity. The length of 
time necessary and the difficulties experienced in overcoming these accumula- 
tions of freight will give some indications of the possibilities of increasing the 
movement of traffic over the dstrict. 

It will undoubtedly be found that the officers are well informed as to the 
limitations of the district and can point out those facilities which are being 
utilized most nearly to their capacity and which first show signs of overload- 
ing, and perchance they will have available the results of experiments which 
have been made with the view of increasing the traffic capacity so that the 
expediency of possible changes of operating methods can be definitely de- 
termined without the necessity of experimentation, which is in itself very ob- 
jectionable on a railroad working approximately to its capacity. 

Efficiency 

It win be found that the performance of the men is generally good; 
that trains start promptly and move into and out of sidings with precision, 
that there are very few accidents caused by non-observance of rules or by 
carelessness of trainmen; that the condition of tracks, locomotives and cars 
are good; that the locomotives attain a high average mileage, and the de- 
tentions for cleaning fires, washing boilers, making running repairs, etc., are 
reasonably low. All trains will be found to be handling the prescribed ton- 
nage rating and the local work being done by the local freights and pick-ups, 
thusr reserving the through trains for long haul freight. The schedules for 
calling extra freight trains have been so arranged that the movements of these 
trains will best fit in with the schedules of the passenger trains and scheduled 
freight trains. In short, the examination will disclose an efficiently operated 
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district in charge of officers who know the limitations of the facilities and who 
are in a position to and do take steps to restrict the business should occasion 
demand it so that the facilities will not be overloaded. 

The subsequent study should be confined to those facilities and features 
of operation which, as has been developed in conference with the officers, are 
the first to give trouble under increases of traffic. A brief discussion of two 
or three assumed cases will indicate the methods to be followed. 

Capacity of Facilities 

Assume, first, that the ashpit at one terminal becomes overloaded and 
power is delayed there: 

Careful observations of the operation of the pit and tracks leading to and 
from it should be made covering periods of sufficient length to thoroughly 
familiarize the observer with them. This may develop that some slight re- 
arrangement of tracks or other facilities will be beneficial; as, for example, 
the building of an additional cross-over or the re-location of a water column. 
It may bring out that some part of the organization needs strengthening. 
If the capacity of the pit itself is the limiting feature, consideration should be 
given to affording relief by installing steel ties in an adjoining track for a 
length of eighty to one himdred feet and the cleaning there of the fires of 
yard engines and other small power during the heavy periods of the day. 
Means may be found also of changing the runs of certain locomotives so that 
they can be taken care of at some other terminal where the facilities are less 
crowded, thus reducing the load on the terminal under examination. 

Assume, second, that one of the yards is unable to keep up with the 
switching under increased business: 

.Observations of the work of all parts should be made by capable men. 
If these should develop any lost motion, interference of the work of the yard 
crews by other yard crews or by road crews, inefficient use of yard power, etc., 
by careful planning, and possibly by some minor improvements which can be 
quickly made, some of these difficulties can be overcome. Consideration should 
be given to the question of systematized classification of the freight at other 
yards through which it moves so as to reduce the work of this yard. If 
practicable a part of the trains should be so made up as to pass this yard 
without switching. Some feasible change in the yard power may be found 
advisable. 

Assume, third, that the road movement gives trouble; 

A study of the train sheets will indicate where to look for the cause. It 
may be found that a small number of additional block offices will be beneficial; 
that the scheduling of drag freight trains out of the terminals so as to reduce 
interference with schedule trains is practicable; that a very slight reduction in 
the tonnage rating of drag freight trains will eliminate stalling of the trains 
when the rail is bad, will speed up the movement and enable better use of the 
power to be made, and in this way the capacity of the railroad increased- 

The second situation, that of congested engine district, presents an en- 
tirely different problem. It can be stated without fear of contradiction that 
an engine district that is continually congested for long periods can not be 
handling traffic to its maximum capacity. Congestion carries with it heavy 
delays to trains getting out of and into yards, slow movement on the road, 
holding trains out of yards, too many relief crews to prevent hours of service 
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law violations, excessive interference to switching in yards and an increased 
quantity of switching, crowded ashpits and engine houses, tired, indifferent 
men, carelessness, accidents, petty and serious, with damage to engines, cars 
and tracks, all resulting in inefficient use of power, of facilities, of men, in a 
general slowing up of the movement and in a reduced capacity of the railroad. 

When such conditions exist it is necessary, in order to bring about any 
lasting improvements, to determine the seat and the cause of the congestion 
before remedial action can be taken. Congestion in one or both of the 
terminals at the extremities of an engine district does not necessarily affect 
the road conditions to any serious extent. For while it may be found neces- 
sary to set trains off at sidings on line of road and to hold other trains out of 
the yards for varying periods, thus causing inefficient use of power and crews, 
the result will be a tendency to increase the terminal difficulties, and if proper 
precautions are taken to safeguard the road movement it will continue to be 
free and unrestricted. Congested road movement on the other hand means a 
general slowing up of trains and a continued inefficient use of the available 
power and crews, so that even if the terminals are adequate to handle the 
traffic with free road movement they will become crowded with movable 
cars, switching will be made difficult, and unless handled very skilfully con- 
gestion of the terminals themselves will follow as a result of the road con- 
gestion, 

Xf it is found that the road movement is as a rule free while one or both 
terminals are congested, then it is necessary to look only to the terminals for 
the cause of the trouble. If both road and terminals are congested the diffi- 
culty may he entirely with the road conditions, but the chances are that the 
congestion in the terminak, brought on perhaps by the inadequate road move- 
ment, has been aggravated by unfavorable conditions within the terminals 
themselves. 

The detailed studies then should embrace both road and terminal facili- 
ties, organizations and operating methods or such portions of them as the 
preliminary investigation may determine is necessary. They should be made 
by consulting the train sheets and the various daily and periodic reports of 
operating performance and by making comparisons with the performance dur- 
ing previous periods, by suitable observations of actual work and by free 
discussion of the problems and conditions with the officers in charge of the 
operations. 

There is given below a synoptical outline of some of the elements which 
affect the capacity of a railroad, and following it a brief discussion of a num- 
ber of them. The subject is covered only in a very elemental way, but its 
purpose is simply to indicate the method of procedure, for it is evident that 
each case will present a problem in itself and that each will require modifica- 
tions of the general treatment. 



Economics of Railway Operation 


647 


Road Capacity Affected by 
Method of train operation 

Derailments and accidents . . 

Performance of power 

Yard Capacity Affected by 
Work to be performed 

Performance of power 

Derailments and accidents. . 


Spacing system. 

Dispatching trains. 

Scheduling extra trains out of 
terminals. 

Running speed. 

Tonnage rating. 

Handling local work by locals or 
pick-ups. 

Helper stations. 

Defective track. 

Defective equipment. 

Carelessness. 

High speed. 

General condition. 

Running repairs. 

Preparation. 

Fuel, water. 


Quantity of switching. 
Overcrowding. 

Yard design. 

General condition. 
Running repairs. 
Preparation. 

Fuel, water. 

Defective track. 
Defective equipment. 
Carelessness. 


Engine Terminal Capacity Affected by 

Ashpit, turntable, coal tipple and 
ready track operation. 

Running repairs. 


Spacing System. — ^The spacing of trains may be by train order and rules, 
manual block signals, automatic block signals or otherwise. If the spacing is 
by train order and rules, give consideration to establishing the manual block 
system. The cost will probably be light and the advantages in reduced 
liability to accident great. Determine if the system in use is functioning 
properly and if additional telegraph of&ces or block offices or signals are re- 
quired to shorten particularly long blocks. Consider the possibility of modi- 
fications of rules looking to expediting train movements without sacrifice of 
safety, as for example the fullest practicable use of the “19” train order. 

Dispatching Trains. — ^A first-class train dispatcher will work wonders 
with a busy railroad, while one who is not capable, whether from inexperience 
or other cause, is entirely out of place where there is congestion. Determine 
if the dispatching force is competent and adequate; if the dispatchers are 
found up to the mark and still trains are being delayed for orders, give con- 
sideration to subdividing the district, adding an additional set of dispatchers. 
The dispatchers must keep a constant pressure on the train movement. They 
must not be on the defensive. 
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Scheduling Extra Freights Out oe Terminals. — ^It will be found that 
the chief dispatcher calls the extra freights so as to avoid passenger trains and 
scheduled freight trains in getting out of the terminals. Take advantage to the 
fullest extent of the idea he is using. Call into conference the Superintendent, 
trainmaster, chief dispatcher and traveling engineer and prepare a schedule 
for each tenninal of the leaving times of all extra trains for the twenty-four- 
hour period. Provide for the heaviest practicable movement with the under- 
standing that trains scheduled for departure at certain hours can be annulled 
if not required. Place this schedule in the hands of the enginehouse foreman, 
yard foreman, and chief caller as well as in the hands of division officers; 
there will soon be evidence of preparation to meet the schedule, power will 
be selected in advance, the yard crews will speed up to get the train ready, 
the trainmen will watch their standing on the crew board and be prepared to 
promptly respond when called. Regularity and certainty will prevail and the 
train will leave terminal on schedule — a good start for a good run. 

Running Speed. — ^Do the slow freights drag uphill at snail’s pace, with 
slipping drivers, stalling if the steam pressure drops a few pounds below the 
m a xim um ? When over the hill do they roll away, passing the bottom of the 
sag at passenger train speed — “as fast as a wheel will turn over?” Both are 
objectionable. The first tends to uncertainty of movement, delays, in- 
efficiency; the second increases wear and tear on trade and equipment and 
tends to accidents — and freight train accidents at high speed are usually ser- 
ious. Moderate freight train speeds tend to reliability and safety. They 
sacrifice little in time saving and quideer movement as compared with ex- 
cessive speeds on descending grades. 

Tonnage Rating.- — ^Increased traffic means more ton miles produced. 
Look well then to the tonnage rating of the locomotives. Proper ton- 
nage rating does not mean overloading the locomotive. It does mean 
maximum loading for the effident speed on the ruling grade. It means all 
trains of the same dass uniformly loaded in the direction of heavy traffic. 
It means full trains from terminal to terminal. It means uniform per- 
formance. If the tonnage ratings are found to be low, do not hesitate to in- 
crease them, but do this gradually. Add one car per train and run this way 
for a week, then add a second car. Keep this up until the proper rating is 
reached and the psychological tendency to oppose increased train loads will 
probably be avoided. If on the other hand it is established that the rating 
is too high, it should be reduced. Difficulty in starting trains, slow move- 
ments into and out of side tracks, very low speed on the ruling grades, with 
trains st a lli n g when the rail is bad and other unfavorable conditions exist, 
spell uncertainty, delays and inefficiency. Rate the locomotives to their 
capacity, but so as to provide a reliable, dependable movement of trains. 

Handiing Local Work by Locals and Pick-Ups. — To make the maxi- 
mum ton mileage a train must move through one terminal to the other with 
full tonnage. When this is done with a minimum of delay efficient operation is 
obtained. If the through tonnage freights are to make good runs they must 
be relieved of local work, setting off and picking up at stations, so that they 
will have nothing before them but to make the other end of the road. This 
is one of the surest ways of increasing the ton miles per hour of crew time 
and the ability to handle traffic. If the local work is light it can all be 
handled by the local freight, but this local must not be overloaded. It will 
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necessarily meet with delays at stations unloading freight and switching, and 
in order to get over the road in a reasonable working day its tonnage will 
have to be light so that it can make quick moves from station to station and 
in avoiding other trains. Excessive hours on the road day after day will wear 
out any crew and the services will suffer as a consequence. Therefore, when 
the carload business is heavy, pick-ups must be run as necessary to keep the 
freight well moved up and the road free of cars. 

Helper Stations. — ^If there are grades requiring helper engines, ascertain 
if the through trains are meeting with delays waiting for helpers. In sched- 
uling the slow freights out of the terminals, favor the helper stations as far as 
practicable. Consider possible changes in the helper runs and the loading of 
through trains to the end of increasing the efficiency of the helper and road 
power. 

Defective Track. — Poor track is responsible for a large percentage of de- 
railments. There are two remedies: The first, repair and build up the track. 
This can be done in a short time if the defective conditions are confined to a 
few short stretches of line, but if they are general much more time will be re- 
quired. The second, reduce the speed of trains to the safe limit. This remedy 
fortunately can be applied immediately with certain results. Better reduce 
speed of trains than frequent interruptions to traffic and expensive derail- 
ments. 

Defective Equipment. — ^If the accident reports show an excessive num- 
ber of derailments caused by defective equipment, an analysis may indicate 
that the inspection at a certain terminal is poor or that a particular type of 
car is causing the trouble. More careful inspection of all cars at terminals and 
quick inspections by the trainmen when standing at water stations, in sidings 
and in pulling into and out of side tracks will do much towards preventing 
these derailments. 

Carelessness. — ^Accidents resulting from non-observance of rules and care- 
lessness are an indication of demoralization. Switches run through, switches 
thrown under moving locomotives or cars, short flagging, improper train 
handling, result in derailments, collisions, destruction of cars, damage to 
locomotives, delays and serious interruptions to traffic. Such a situation re- 
quires strict but careful discipline, thorough and relentless investigation of all 
accidents and detected breaches of rules and the free use of efficiency tests. 
Proper methods will slowly but surely overcome the spirit of carelessness and 
as conditions improve there will appear among the men a spirit of pride in 
being a part of an alert, effective organization. 

High Steed. — ^Excessive speed will cause derailments even if the track and 
equipment are in good condition; in combination with defective track and 
equipment it is a fruitful source of accidents. Derailments of trains running 
at high speed usually result in serious wrecks, with heavy damage to property 
and serious delays to traffic. The remedy is to reduce the speed of the trains; 
to place restrictions where required, holding the speed well within the limits 
of safety. 

General Condition. — On a congested railroad there is almost sure to be 
found a shortage of good serviceable power. There may be an abundance of 
locomotives; in fact, there are frequently too many, but so often the average 
condition is low and the number of locomotives actually available for service 
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falls short of the requirements. A freight locomotive after receiving general 
repairs should be good for approximately twelve months’ service. For the 
power condition to be good then 50 per cent or more of the locomotives 
should be good for more than six months’ service and a very small number 
should be awaiting shop. If too many of the locomotives are good for only 
one, two or three months’ service the number of failures will be large, the 
running repair force will fall behind in their work and the power conditions 
will drop further and further behind instead of improving. The remedy for 
such a condition is to assign to the district more shop space or to increase the 
output of that assigned by double shifting in the machine shop, the boiler 
shop or that part or parts of the shop which is limiting the output. To afford 
prompt relief consider having a number of locomotives repaired by other rail- 
roads or by contract shops. 

Running Repairs. — If there is any one thing that is disheartening to a 
train dispatcher it is to have on a busy railroad two or three locomotives 
that are performing poorly — failing. If the failures are not complete and the 
locomotives are able to limp into terminals with their trains, their movements 
will be slow and unreliable and the delays to these and other trains will be 
serious; if the engines give up their trains after exasperating delays other 
locomotives will have to be dispatched light to move in the trains. All of this 
makes for inefficiency and reduced capacity of the railroad. Running repairs 
are those required to place the locomotive in condition for a successful trip 
over the district. If properly made there will be few failures. Insist on the 
ruiming repairs being well done. Do not dispatch a locomotive until all re- 
quired repairs are completed. If neglected, the failures will be many. Watch 
closely the number of engines held for running repairs; if too high, ascertain 
the trouble and apply the remedy. If necessary increase the force assigned to 
running repairs, as a last resort reducing the force on general repairs in order 
to do this. By all means see that this work is kept close up, for it means the 
maximum number of serviceable locomotives and good performance on the 
road. 

Preparation, — ^Locomotive failures may occur from broken or womout 
parts — defects in the locomotive itself — or from conditions resulting from im- 
proper preparation, such as obstructed flues, foul boiler, dirty fire, etc., those 
conditions other than repairs which are remedied in preparing the locomotive 
for the next trip. If it is developed that the failures are being caused by im- 
proper preparation, look to the ashpit and enginehouse forces to remedy this. 
It may be well to temporarily place a special inspector to thoroughly inspect 
and approve the condition of all engines before they are turned over to the 
road crew. 

Fuel and Water. — ^Determine if the fuel is of good quality and adapted 
to the locomotives. Also that the locomotives are suitably drafted to bum 
the fuel- If the fuel is poor a great opportunity for increasing the capacity 
will be presented provided a suitable quality of fuel is available. If the water 
is generally bad the problem is serious, but some relief may be had by the use 
of boiler compounds and other such expedients. If only one or two water 
stations cause the trouble, avoid the use of water from them as far as prac- 
ticable. Consider relief through hauling water of good quality, water treating 
facilities, or larger tanks. 
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Quantity of Switching. — ^Freight trains can be put tbrougli a terminal 
with regularity in from ten to thirty minutes if there is no switching to be 
done. If they have to be broken up and classified, consolidating with other 
trains, several hours will be required- If the ability to move freight through a 
given yard is the limit of the capacity of the district and the switching is 
heavy, every effort should be made to reduce the switching in this yard. Con- 
sideration should be given to doing certain of the switching at other yards 
in order to reduce the work at this one. This may comist of building at 
other yards of solid trains to pass through this yard without classification, of 
routing some of the freight around the yard if practicable and of reducing 
the work in this yard by weU-planned use of the tracks and by systematizing 
the switching. 

Overcrowding. — ^The work of any yard will be badly hampered if it is 
continually overcrowded. Effective switching requires open tracks into which 
to throw the cars. With crowding comes the frequent blocking of running 
tracks, the interference with switch engines by other switch engines and by 
road engines, increased liability to collisions and accidents, forced departures 
from the usual plan of switching and operation, all tending to inefficiency 
and reduced capacity. The remedy is to divert some of the freight so that it 
will not be handled in this yard or to reduce the traffic temporarily by em- 
bargoes until normal operating conditions are restored. 

Yard Design. — ^While any extensive changes in a yard under heavy traffic 
would not come within the scope of this particular study, careful consideration 
should be given to the possibilities of increasing the capacity of minor 
changes in design. For example: It may be found advisable to raise the 
summit of a hump a foot or two so as to give the cars a quicker run-off; to 
lengthen a few tracks so as to avoid road trains doubling over; to make 
changes in the arrangement of switches at some point so as to avoid inter- 
ference and reduce switch engine movements; or to put in a stand pipe and 
prevent loss of time on account of switch engines running for water. In gen- 
eral, the effect of the performance of power, derailments and accidents on yard 
operation is similar to that on road operation, and the discussions of the causes 
and conditions affecting them given above can be applied with suitable modi- 
fications to adapt them to yard work. 

Ashpit, Turntable, Coal Tipple, and Ready Track Operation. — Deter- 
mine if the facilities and appliances are maintained in such condition as to give 
efficient operation; if coal and cinder cars are promptly switched to and from 
the coal tipple and cinder tracks as required; if the necessary tools, torches, 
etc., are provided. Careful observation should be made to determine if any 
changes in routing of locomotives to and from the ashpit and engine house 
will reduce the interference and promote freedom of movement. The ashpit 
and other forces handling the locomotive should be studied to ascertain if 
there is any lost motion on account of lack of force, improper arrangement of 
. force or weaknesses in the organization. Men of strong character are re- 
quired to supervise the work around an overloaded engine terminal and any 
expenditure made in improving the organization will pay large returns in in- 
creasing the capacity of the railroad. 

Running Repairs. — It may develop that the locomotives are passing 
promptly over the ashpit but are being delayed getting into the engine house 



652 


Economics of Railway Operation 


on account of the inability of the engine house organization to promptly 
handle the running repairs. Such a condition may be found to be caused by 
inadequate engine house force and equipment, by failure of other terminals to 
properly make running repairs to the locomotives, by neglect of the locomo- 
tives on the road by engine crews to such an extent that defects arising on 
line of road result in much heavier damage to the locomotives than should 
occur, or to a shortage of power, causing the locomotives to be run out with- 
out proper running repairs and this leading to failures on line of road, causing 
much damage to the equipment and consequently requiring a great deal more 
time and expense for repairs than would have been the case if the locomo- 
tives had been in proper condition when dispatched. When such conditions 
are found they should be remedied promptly by methods which will doubt- 
less suggest themselves as the most practical. If the force can be added to so 
as to increase the capacity of the enginehouse for making running repairs this 
should be done. Steps should be taken to insure proper handling of the 
locomotives when on line of road and by all means proper running repairs 
should be made before the locomotives are dispatched. By selecting those 
locomotives requiring the lightest repairs and concentrating on them, they can 
be dispatched promptly, while those requiring heavy repairs can be held so 
that the work can be properly done. If aU locomotives are placed in first- 
class condition as to running repair work before dispatched the trains will 
move with precision and reliability, the locomotives wUl make quicker trips 
between terminals and produce more train miles. The same number of trains 
can be handled with a less number of locomotives. By following this method 
those locomotives requiring heavier running repairs can gradually be put in 
good condition one by one until all of the power of the district is brought up 
to a high standard, the running repair work per locomotive will be reduced 
and the efficiency of the power and with it the traffic capacity of the district 
increased. 

(H) STUDY OF RAILROAD OPERATION WITH VIEW OF INCREAS- 
ING ITS CAPACITY BY PROVIDING ADDITIONAL FACILITIES 

In many cases it will be found that the only solution for obtaining in- 
creased traffic capacity is by means of new facilities of one kind or another. 
The purpose of the following discussion is to obtain a conception of the 
physical elements which determine the traffic capacity of a line and to show 
how operating results may be analyzed so as to form the basis for compar- 
ing the costs of providing new facilities and the financial and operating bene- 
fits to be gained therefrom. Such analyses will be of value in forecasting the 
operating results to be obtained and in establishing the feasibility of proposed 
undertakings for increasing the traffic capacity or improving the service. 

Trapsic Capacity. — ^The term “traffic capacity” conveys the idea of ton- 
nage capacity, that is the maximum tonnage which can be moved regularly 
over a given arrangement of tracks in a given time. For the purpose of this 
discussion no account will be taken of insufficient yard capacity in dealing 
with the elements which determine the traffic capacity of that portion of the 
road between terminals. On this basis the traffic capacity will depend upon 
the weight of. trains and the number of trains which can be operated over 
the given arrangement of track in a ^ven time. The freight of trains will 
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depend upon the size of locomotives employed. The number of trains will 
depend upon how fast the locomotives will haul them and upon the arrange- 
ment of tracks. Traffic capacity therefore depends upon a number of variables 
and hence cannot be expressed in terms of any one unit. 

On the other hand it will be shown that the “track capacity” of any 
section of road between terminals depends wholly upon the number and ar- 
rangement of sidings or passing tracks in the case of single track lines and 
upon the minimum allowable headway between trains in the case of multiple 
track roads. Also the theoretical track capacity is a definite quantity which 
can be measured in terms of train hours. 

Track Capacity op a Single Track Line. — ^For the purpose of illustra- 
tion, assume a single track section 100 miles long with passing sidings 10 
miles apart. This line will be made up of ten single track sections between 
sidings (see Fig. 1). When these sections are all occupied at the same time it 
can be assumed for the moment that the road is being operated at full 
capacity. On this basis there will be ten trains on the line at the same time 
and if this condition lasts for twenty-four hours then the daily capacity of 
the line can be expressed by the product of the number of trains constantly 
on the line and the number of hours, in this case 10 X 24=240 trains per 
day. 

One way to have every track section occupied at the same time is to 
dispatch trains so that each train meets another train going in the opposite 
direction at every siding. This means that trains have to be started simul- 
taneously from opposite terminals at intervals equal to twice the distance 
between sidings, in this case 20 miles apart. If each train makes 10 m.p.h. 
they will have to be started from the terminals at intervals of every two 
hours. At 10 m.pJb. each train would be on the road 10 hours and since the 
trains are two hours apart, it would be possible to dispatch 12 trains from 
each terminal in 24 hours, or 24 trains per day, each train taking 10 hours 
makes 240 train hours per day. 

If the trains make 1254 m.pJh. and are spaced 20 miles apart they would 
be started from the terminals at intervals of 1.6 hours (see Fig. 2). Each 
train would be on the road 8 hours and it would be possible to dispatch IS 
trains from each terminal in 24 hours or a total of 30 trains per day, each 
train taking 8 hours makes 240 train hours per day, as previously found. 

Track Capacity of a Double Track Line. — ^If the illustration is carried 
a step or two farther the track capacity of a double track line can be shown. 
Suppose there are two lines each 100 miles long, one having ten single track 
sections between terminals and the other fifty single track sections between 
terminals. The capacity of the latter line will be according to the above rule 
50 X 24=1200 train hours, or five times the capacity of the former. In the 
case of the 10 section line there will be the equivalent of 10 sidings against 
SO sidings for the 50 section line. If the sidings are all the same length in 
both cases (1 mile) then the amount of side track in the two cases is pro- 
portional to the relative capacities. When a point has been reached where 
the section between sidings is the same length as the sidings then the next step 
is double track. Assume this is the condition for the 50 section line assum^ 
above and to make it double track will require 50 miles of additional side 
track. By the same reasoning the capacity of the double track would hp 
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twice the capacity of the 50 section line and 10 times the capacity of the 10 
section line. In other words, the relative capacities of two lines are propor- 
tional to the relative amounts of passing tracks in the two cases. Thus the 
track capacity of a line which has a track mileage in sidings equivalent to one 
fourth of the main line would be increased four times if the line were double 
tracked. Likewise the capacity of a line which has one fifth of the main 
line mileage in sidings could be increased five times if it were double tracked, 
etc. 

Tupfcal Tram Charts 
Showing Simple Cases of Perfect Operation 
Trains of One Class 

Average speed of Trams 10 Miles Per Hour Delaqs at Meeting Points Neglected 




Average Speed of Trains 12-t Miles Per Hour Delags at Meeting Points Neglected 




This IS not strictly true unless a limit is placed on the headway between 
trains on double track lines. In the case of a single track line the minimum 
headway between trains in the same direction is twice the distance between 
center lines of sidings which in the limiting case is four train lengths. On 
a double track line, trains in the same direction may be operated theoretically 
on any headway, but in order for the above rule to be true trains in the same 
direction must be operated one train length apart, that is, two train lengths 
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between the head end of one train and the head end of the next. If a value 
of one mile is assumed for the length of train then the daily track capacity 
of a multiple track line expressed in train hours is equal to 12 times the num- 
ber of tracks times the miles between terminals. 

Fleet Operation. — ^If the sidings are designed for passing two or more 
trains at a time it will be possible to operate trains in fleets, that is, two or 
more trains following each other in a section at the same time as shown in 
Fig. 3. In this case the theoretical capacity is increased in proportion to the 
number of trains in the fleet. It is impossible, however, to use the full 
capacity obtained by this rule unless trains are operated on the minimum head- 
way of one train length apart, that is two train lengths between head ends. It 
can be shown for trains operated in fleets that the minimum delay per train 
at each meeting point is equal to the headway between trains less the time 
required to run the length of one train multiplied by one less than the number 
of trains in the fleets. Thus for two trains in a fleet running at 10 m.pJh., 12 
minutes apart, assuming the trains are each a mile long, the delays at meeting 
points will be 12 minutes less 6 minutes (the time required to run 1 mile at a 
speed of 10 m.pJb.) or 6 minutes per train. 

If the fleets consist of 11 trains, each 12 minutes apart, the delays per 
train at meeting points will be 10 X 6 or one hour per train. 

In the case of two trains per fleet, if there are 11 single track sections in 
a hundred miles, the theoretical track capacity based on two trains per sec- 
tion will be 2 X 11 X 24=528 train hours per day. On the basis of 100 miles 
in 11 hours, including delays, fleets can be operated at intervals of every two 
hours from each terminal or a total of 24 fleets of two trains each, and taking 
11 hours per train makes 528 train hours per day. 

The miles of track in sidings under this condition is twice what it would 
be under single train operation, and the track capacity is correspondingly 
double by reason of the increased length of sidings. 

Fig. 5 shows fleet operation of eleven trains per fleet with sidings at 
the ends and in the middle long enough to hold eleven trains. The theoretical 
track capacity of this arrangement is according to rule, 2 (sections) X 24 
(hours) X 11 (trains) =528 train hours per day which is the same as for the 
11 section line which contains the same amount of passing track (22 miles) 
distributed at short intervals. Four fleets of eleven trains each can be oper- 
ated per day each train taking 12 hours making 528 train hours. 

It is interesting to note that on the basis of 10 m.pJbi. and a minimum 
headway between trains of one train length, assuming trains a mile long, 
eleven trains are the greatest number of trains per fleet which can be oper- 
ated over the indicated arrangement of tracks and obtain two complete 
cycles in 24 hours. If the speed is increased to 15 m.p.h., other conditions 
remaining the same, eleven trains are the greatest number of trains per fleet 
which can be operated over the indicated arrangement of tracks and obtain 
three complete cycles in 24 hours. At 20 m.pJi. the greatest number of trains 
which can be operated per fleet and obtain 4 complete cycles in 24 hours is 
eleven. In other words, the theoretical track capacity of a section of line 
will be the same for fleet operation as for single train operation provided there 
is the same amount of passing track in the two cases and arranged ac- 
cordingly. 
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Actual Versus Theoretical Track Capacity. — ^The above illustrations 
give a conception of track capacity which is perhaps new and show how the 
theoretical track capacity of a perfectly laid out line can be determined. It 
is important to emphasize the point that the theoretical track capacity is fixed 
by the arrangement of tracks and can be given a value in train hours. The 
actual track capacity may not be as definitely fixed, but it is manifestly less 
than the theoretical track capacity and possibly can be assigned some value 
expressed in train hours which will represent the actual use which can be 
economically obtained from the tracks. It is surprising to learn how the in- 
troduction of simple operating conditions limits the capacity which can 
actually be used. 

In the first place, on a single track road where the sidings are designed 

for passing only a single train at a time, meets cannot be arranged so that 

neither train is delayed. One or the other, or both trains, will be delayed at 
each meeting point. Fig. 6 shows the condition where one train and then the 
other are delayed at alternate meetiog points. 

It has been assumed for the purpose of the previous discussion that the 
sidings are all equally spaced and the speed of trains is uniform. If the 

sidings are not equally spaced but the speed of trains is uniform then the 

number of trains which can be operated over the line will be governed by the 
time it will take for a train to make the run over the longest section in both 
directions. That is if the middle siding in Fig. 1 were omitted the middle sec- 
tion would be 20 miles instead of 10 miles long, and it would take two hours 
for a train to run over this section in one direction and two hours for an 
opposing train to run back, so that the minimum interval between trains in 
the same direction would be four hours instead of two. In other words, the 
capacity of the line would be reduced to half which is equivalent to omitting 
every other siding. 


Average Speed of Trams izi Miles Per Hour Time Included for Oelaus to One Tram at Meeting Points 



Fio. 6 


If the speed of trains is not uniform then the sidings should be spaced so 
that they are equidistant as regards time rather than distance. These are 
some of the elements which should be investigated in setting about to im- 
prove the traffic capacity of any particular section. 
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Determination of Actual Track Capacity 

In most cases the actual capacity of any section of a railroad can only be 
determined from actual operating experience. Until the traffic reaches a 
point where it taxes the capacity of the facilities to handle it there is no way 
of telling what the track capacity actually amounts to. 

On account of the irregular spacing and length of sidings, size of trains, 
etc., there is even some question about the theoretical track capacity in actual 
cases. Not all sidings are long enough to pass full length freight trains and 
some are longer than necessary for that purpose. Because of these conditions 
every siding is not 100 per cent effective even theoretically and in order to 
have some basis for comparison it becomes necessary to define theoretical 
track capacity on the assumption that 100 per cent use can be obtained from 
all passing tracks. In other words, it is proposed to consider the theoretical 
track capacity of any section is obtained by assuming that the total amount 
of passing track is arranged in such a manner that all sidings are only long 
enough to hold full length freight trains and spaced so as to be equal time 
intervals apart. Under this arrangement 100 per cent use can be obtained from 
passing tracks under maximum conditions. 

The theoretical track capacity may therefore be expressed in train hours 
per day as follows: 


Theoretical Track Capacity = 


(Li + La) 5280 X 24 
2XZ 


Where Li=MiIes of second track. 

L 2 =Miles of sidings. 

Z=:Length of freight train in feet. 

In actual cases it will be seen that first of all the track arrangement 
precludes obtaining anywhere near the theoretical track capacity; secondly, 
the requirements of the ser\dce means sacrificing some capacity which might 
otherwise be used. For example, the nature of the traffic may be such that 
the majority of freight trains must leave or arrive at terminals within certain 
prescribed hours. Some of the facilities required at these times would be idle 
at other times so that actually the facilities are only partially effective. 

On long divisions the actual track capacity is governed largely by the 
effect of the sixteen hour regulation because of the number of crews which 
have to be relieved when the train density reaches high figures. If the 
division were divided in two, the sixteen hour regulation would not be effec- 
tive until much higher train densities were obtained, hence the length of the 
division may be a factor in determining the actual track capacity. 

On account of the fact that a surplus track capacity also serves to mini- 
mize delays it will be found that the actual use obtained from track facilities 
during seasons of heaviest traffic periods is seldom more than 15 per cent of 
the theoretical track capacity obtained by the above formula. This may also 
be due to the fact that track facilities are unbalanced and some limifirtg 
section is being operated near its theoretical capacity. 

Eftect of Operating Two Classes of Trains. — ^There is another im- 
portant element which enters mto nearly every railroad operation, namely, 
the condition of operating more than one class of trains over the same tracks 
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or the condition where superior trains overtake as well as meet inferior trains. 
This is one of the reasons why perfect performance cannot be expected in 
actual operation and why railroads need many more facilities than they can 
ordinarily make use of. 

Fig. 7, 8, and 9 show how one passenger train making a round trip would 
delay freight trains if the sidings were only long enough for one freight train. 
One freight train in each direction must be abandoned to accommodate the 
passenger train and if the speed of the passenger train is more than double the 
speed of freight trains, two freight trains in each direction must be abandoned 
to accommodate a round trip for a passenger train. 

Fig. 10, 11 and 12 show that when, two passenger trains are on the line at 
the same time, two freight trains in each direction have to be abandoned. A 
study of the effect of passenger train operation upon freight train per- 
formance, Vol. 25, page 708, indicates that the effect of three passenger trains 
is equivalent to five freight trains. 

In addition there are many other conditions which complicate actual 
operation such as an irregular profile, variable weights of trains, stops for coal 
and water and delays from other causes, bad meets, failure of equipment, etc. 
On a double or multiple track system some of these conditions are more or 
less minimized but the problem is the same whether the road is single or 
multiple track. Because of the difficulties found in properly allowing for all 
of these conditions, another method which makes use of Train Hour Diagrams 
has been devised for the purpose of analyzing actual train operations. 

Train Hour Diagrams. — ^In the previous discussion it was assumed that 
every train could be operated perfectly, that is, all trains would be on the road 
the same length of time. On this basis if every train were represented by a 
cardboard strip and the times on the road were represented by the length of 
the strips, all the strips would be the same length, so that when they were 
stacked one on top of the other, the edge on view would be a rectangle, 
the height of which would indicate the number of trains, and the length the 
number of hours on the road. The area would represent the total train hours. 

In an actual case if every train during a given period were represented by 
a cardboard strip and the time on the road indicated by the length of the 
strip, all of the strips would not be the same length. If they were sorted and 
arranged according to lengths and stacked as before with the longest strips at 
the bottom, an edge on view would resemble the train hour diagram shown in 
Fig. 13. The area of this diagram would represent the total train hours of all 
the trains. If every train operated as well as the best, it could be assumed 
that all trains were operated perfectly and the rectangle enclosed by the dotted 
vertical line would show theoretically perfect operation as compared with 
actual operation as shown by the whole train hour diagram. The reason why 
there is so much difference between theoretical and actual operation is be- 
cause in actual operation conditions are such that delays due to different 
causes occur to some trains and not to others. In other words, actual opera- 
tion cannot be perfect because there are always elements of chance which 
have to be taken account of. The train hour diagram is a convenient way of 
showing the combined effect of all of these various elements. As will be 
shown later it is quite easy to find a mathematical solution for a number of 
typical problems relating to actual train operation. 
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Tgplcal Train Charts 

Showing Simple Cases of Perfect Operation 
Trains of Two Classes 

Onlu One Passenger Train on Road at aTime. Delags to Freight Trains for Meets 
with Passenger Trains Shown, Other Delags Neglected. Based on Single Sidings. 

Average Speed. Passenger Trains lyTimes Speed of Freight Trains 
Average Speed Freight Trains Neglecting Delags 10 Miles Per Hour 




Average Speed Passenger Trains BTImes Speed of FrelqhtTralns 
Average Speed Freight Trains Neglecting Delags 10 Miles Per Hour 


BIBiBIBiBIBiBBiBiBiBiBi 


Average Speed Passenger Trains Times Speed of Freight Trains 
AverageSpeed Freight Trains Neglecting Delags 10 Miles Per Hour 


Hours 
Fig. 9 


8 10 12 . 
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r.- Typical Train Charts 
Showino Simple Cases of Perfect Operation 
Trains of Two Classes 

Two Passenger Trains on Road at a Time. Delays to Freight Trams for Meets 
with Passenger Trains Shown. Other Delays Neglected. Based on Single Sidings 

Average Speed Passenger Trains l^Times Speed of Freight Trains 
Average Speed Freight Trains Neglecting Delays 10 Miles Per Hour 


BBBiBiaMlBiBiBiBiBa 






Hours 
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Average Spaed Passenger Trams 2Times Speed of Freight Trams 
Average Speed Freight Trams Neglecting Delays 10 Miles Per Hour 




Hours 
Fig. 11 


Average Speed Passenger Trains 24Times Speed gf Freight Trains 
Average Speed Freight Trains Neglecting Delays 10 Miles Per Hou 
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One of the objects of train hour diagrams is to give a graphic representa- 
tion of the performance of freight trains during any selected period. For 
example, the train hour diagram shown in Fig. 13 represents the perform- 
ance of 141 trains operated over a period of several consecutive days during a 
time of heavy traffic. Out of this 141 trains only four trains were on the 
road less than 10 hours and only 6 trains were on the road more than 16 
hours. If it is desired to know how many trains were on the road 11 hours 
or more follow the vertical line corresponding to 11 hours to its intersection 
with the broken line and read the number (119) corresponding to the hori- 
zontal line through the same point on the broken line. The diagram does not 
indicate directly the number of trains which were on the road just 11 hours. 
In this case there were only two trains on the road just 11 hours as indicated 
by the height of the step at 11 hours. 



Fig. 13 


Crew Expense Diagram. — simple application which can be made of 
this method of assembling operating data is in connection with the study of 
crew expense. The train hour diagram ABCD, Fig. 14, represents the hours 
crews were on duty. Assuming that the district was ISO miles long, overtime 
would begin after 150/12.5=12 hours. All crews who were on duty 12 houns 
or less would be paid the mileage rate for ISO miles which is equivalent to 12 
hours pay at the hourly rates. Thus in the case assumed 15 crews were on 
duty 12 hours or less but having made ISO miles, the pay is the same as 
though they had been on duty 12 hours. Hence, the hours paid for can be 
represented by the vertical line EG, Fig. 14. All crews who were on duty 
more than 12 hours would be paid straight time at the hourly rates for 12 
hours and overtime rates for aU time over 12 hours. The area GCF repre- 
sents the total overtime crews worked during the given period. The over- 
time rates are 50 per cent higher than the hourly rates, thus the hours paid 
for will be equivalent to 1.5 times the actual hours overtime; therefore, the 
area GHF, which is SO per cent greater than area GCF, represents the hours 
paid for on the straight time hourly wage scale. In other words, the area 
ABCD represents the hours crews were on duty and the area AEGHD repre- 
sents the total hours paid for assuming one rate of pay. 


Economics of Railway Operation 


663 


The area BEG may be considered “bonus” time and the area GHC “puni- 
tive” overtime. 

If the basic day were defined as “100 miles or less 6 hours or less” instead 
of “100 miles or less 8 hours or less” overtime for a district 100 miles or less 
in length would begin at 6 hours instead of at 8 hours and for a ISO mile 
district overtime would begin at 9 hours instead of at 12 hours. If the mile- 
age rate remains the same as for the basic 8 hour day, the pay for 6 hours 
would be the same as the pay for 8 hours for a 100 mile run, or for a ISO 
mile run the pay for 9 hours would be the same as the pay for 12 hours. 
Thus the straight time pay for a ISO mile run can be represented by the 
rectangle AEFD, Fig. IS, the same as in Fig. 14. 


TYPICAL CREW EXPENSE DIAGRAM 
ISO M\LE DISTRICT 
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In the case of a ISO mile run, overtime begins at 9 hours, hence the area 
E'BCF', Fig. IS, represents the overtime hours worked on the 6 hour basis, 
but since the rate per hour is 1/6 instead of 1/8 of the daily rate, the area 
E'BCF' must be increased 1/3 (Area EB'C'F) to be comparative with the 
overtime on the 8 hour basis and again increased SO per cent (Area EKHT) 
to indicate time and a half for overtime. Thus it will be seen that on the 8 
hour basis the pay for 1963 hours worked in equivalent to 2112 hours at 
straight time hourly rates whereas on the 6 hour basis the pay corresponds 
to 3074 hours which in this case is equivalent to an increase in pay of 4S.5 
per cent. The following .shows how the above estimate is obtained. 

8-Hour Basic Day 


Hours on Duty Area ABCD = 1963 Hours 

Hours Overtime Area GCF = 280 Hours 

Straight Time Hours Area AEFD= » 12 X 141 =1692 Hours 

Hours Overtime Area GCF = 280 Hours 

Punitive Overtime Hrs Area GHC= 140 Hours 

Total Hours Paid for Area AEGHD= 2112 Hours 
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6-Hour Basic Day 


Hours on Duty Area ABCD = 1963 Hours 

Hours Overtime Area E'BC'F = 691 Hours 

Straight Time Hours Area AE'F'D-l-l/3 = AEFD = 1692 Hours 

Hours Overtime Area E'BCF'-f-l/3 = EB'C'F = 921 Hours 

Punitive Overtime Hrs Area B'ElH'C'=l/2 X EB'C'F = 461 Hours 

Total Hours Paid for Area AKH'D 3074 Hours 


On account of the fact that the engine crews usually go on duty before 
the train crews, it is customary to construct the crew expense diagrams based 
upon the enginemen’s hours, and assume that the one diagram applies to both 
engine and train crews. Ordinarily no attempt is made to show the hours 
paid for when necessary to relieve crews which have been on duty 16 hours. 

It is possible in some cases, such as the example illustrated, to note the 
effect of the 16 hour regulation particularly when the theoretical train hour 
diagrams are superimposed on the actual train hour diagrams as shown by 
the smooth curves in Fig, 16. As explained later, the equations for the theo- 
retical curves which closely approximate the actual curves can be derived from 
two points, a and b. 


TVP\C/\L -TRam HOUR OmG.RPsM 



In the case of the train hour diagram for crew hours the theoretical and 
actual diagrams agree closely throughout most of their length, but on account 
of the fact that crews have to be relieved after 16 hours, the actual train 
hour diagram is distorted at the lower end. There were actually 16 crews out 
of 141 who were on duty more than 16 hours. The theoretical diagram in- 
dicates that there should have been lS.5 crews determined mathematically. 
Between 16 and 16.5 hours the actual diagram is below the theoretical, indicat- 
ing that a special effort was made to get trains into the terminal yard where 
the crews could be relieved by the yard crews at the expiration of 16 hours. 
Beyond 17 hours the actual diagram is above the theoretical, indicating in this 
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’ case that 9 crews were possibly relieved outside of the yard. Judging from 
the horizontal distance between the theoretical and actual diagrams the time 
required to relieve a crew on the road amounted to about two hours. 

It frequently follows when there is a distortion of the train hour diagram 
for crew time, there is also a distortion of the train hour diagram for road 
time as indicated in this case. There are other conditions which tend to dis- 
tort the actual train hour diagram, such as a combination of fast and slow 
freight trains in one diagram, but generally it will be found that actual and 
theoretical diagrams agree remarkably close. Because of this fact the theo- 
retical train hour diagram can be substituted for the actual train hour 
diagram and certain mathematical relationships derived which can be assumed 
will hold approximately true for actual train hour diagrams. 

Model for Studying Train Hour Diagrams. — ^In order to explain some 
of the applications of Train Hour Diagrams it is proposed to refer to models 
as illustrated in Fig. 18, 19, and 20. A description of the construction of 
these models will help to bring out some of the relationships which are 
demonstrated mathematically in Exhibit A. 

Effect of Number of Trains Upon Freight Train Performance. — If 
the number of trains over a given section of a railroad varied from a few 
trains to many trains per week it would be possible to construct a number of 
actual Train Hour Diagrams covering a wide range of conditions as regards 
train density from which it might be possible to study the effect of the num- 
ber of trains upon train performance. 

In order to analyze the results, suppose the theoretical Train Hour 
Diagrams were calculated and plotted on forms similar to Fig. 17. If Part 
I of each diagram were cut out in the form of a silhouette, a stack of sil- 
houettes of various dimensions would be obtained depending upon the number 
of trains operated and the performance during various periods. Suppose a 
filing arrangement were designed with guide cards evenly spaced to hold the 
silhouettes in the pro.per relation according to the number of trains. From the 
mathematical theory such a file of train hour diagrams would resemble the 
model shown in Fig. 18. 

Train Hour Diagrams from such a file would show various details in con- 
nection with train performance and would enable one to tell the number of 
crews which would make overtime or would be on duty 16 hours or more 
under such conditions as may be assumed. 

Suppose the average time of all the trains were indicated by a dotted line 
as shown in Fig. 17 and a hole punched in the horizontal axis extending part 
way into Part II. This dot or punchmark will indicate the average time 
corresponding to a given number of trains. When Part II of all the diagrams 
are filed in accordance with the number of trains, the punch marks on equally 
spaced guide cards will appear in a straight line as indicated by the fact that 
a round rod can.be laid in the groove. See Fig. 19. If the first card in the 
file represents zero trains and is punched to correspond to the minimum time 
shown on the train hour diagrams, the round rod will be in the hollow. Thus 
it will be seen that the increase in average time varies directly with the num- 
ber of trains operated in a given time or with the train density other condi- 
tions re m aining the same. In actual operation it is difacult to select different 
periods when other conditions are identic^, consequently results obtained from 
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periodic reports of the operation of a given section may only approximate a 
straight line when plotted. When there is a wide variation from a straight line 
it is often possible to find the reason for the variation by investigating the 
operating conditions at the time. For instance, September and October are 
usually two of the heaviest traffic periods on most railroads. The performance 
during these two months is generally better than the average, largely because 
of more intensive supervision, additional trainmasters, road foremen of en- 
gines and a greater number of open telegraph offices, better dispatching, etc. 

200 

ISO 

160 



On the other hand, January and February may be light traffic periods 
with adverse weather conditions tending to make the performance during these 
two months worse than the average. When the points are plotted they may 
fall wide of a straight line due to the wide difference in conditions or con- 
versely if the points for different periods fall wide of a straight line it is 
sometimes possible to discover operating conditions to account for the varia- 
tions from a straight line. 




Fig. 19 
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Eeeect or Length or Division upon Freight Train Pertormance. — ^If 
there are two sections of line with similar profiles but of different length, the 
minimum times and the average times for the same number of trains should 
be proportional to the distances assuming the same weight trains and the 
same motive power. Thus if the division is doubled one would expect that 
the minimum time would be doubled and likewise the time of all other trains, 
which means that the average time would be doubled. Thus if it is desired to 
use the models Fig. 18 and 19, it would only be necessary to change the hori- 
zontal scale to read twice as many hours if the section is doubled and half as 
many hours if the section is divided in half, etc. 

If the profiles and types of motive power are not similar, freight train 
performance charts and train hour diagrams offer convenient methods for 
analyzing the results which are obtained. 



Feo. ZO 


Effect of Speed upon Freight Train Performance. — ^In the simple cases 
previously considered, it was assumed that all trains could be operated per- 
fectly and all would make the same time assuming a given speed. Such a 
perfect performance as stated above can be represented by a rectangular train 
hour diagram. If the speed is increased the time of each train is reduced thus 
a change of speed from 10 m.p.h. to 12.5 m.pJh. makes a difference of two 
hours in a 100 mUe run for each train. The effect upon the rectangular train 
hour diagram is to shorten the horizontal dimension an amount equivalent to 
the reduction in time, or two hours in the case assumed. 

In actual cases all trains while they are assumed to be capable of making 
the same speed do not make the same time as seen by the actual train hour 
diagrams. It is assumed, however, that the train making the shortest time 
has been operated perfectly and therefore the effect of speed upon this train 
will be the same as in the theoretical case, that is, the time will be inversely 
proportional to speed. 

In regard to all other trains it can be assumed that the actual effect of 
speed will be the same as the effect upon the perfectly operated train, because 
there is no reason for believing that the effect will be either greater or less 
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than in the theoretical cases. In other words, if the time of the train making 
the shortest time is reduced two hours, the time of all other trains will be re- 
duced two hours. On this basis the shape of the actual train hour diagram 
will be unchanged except that the rectangular portion representing perfect 
operation is shortened along the horizontal axis an amount corresponding to 
the reduction in time or lengthened corresponding to an increase in time. 

Referring to the model Fig. 18, if strips of uniform width equivalent to 
the reduction in time were blocked out from the left-hand edges of all the 
train hour diagrams, Fig. 17, the model would then represent the conditions 
corresponding to a given increase in speed. The same effect is obtsiined by 
laying a strip of the proper width over the left-hand edge of the model. 

Likewise, if a strip of the proper width were laid over the left-hand end 
of the strips in Fig. 19, the model would show the freight train performance 
corresponding to a given increase in speed. The effect of a change of rpeed 
can be shown up clearer if a new set of guide cards for Fig. 19 are prepared 
on the basis of the shorter average time and inserted beside those in place. 
The punch marks in the new cards will appear in a straight line as indicated 
by the second rod inserted in the second set of grooves in Fig. 20. These two 
rods are parallel indicating that the effect of a change in speed upon freight 
train performance does not change the slope of the train performance line but 
only its position as determined by locating the point of intersection with the 
horizontal axis so that it will agree with the minimum time corresponding to 
the change in speed. 

Log op Freight Train Perpormance. — ^The purpose of a log of freight 
train performance is to provide a simple means of comparing current month’s 
operations with previous months’ operations. This log usually consists of a 
tabulation of statistical data obtained from monthly reports supplemented by 
deriving certain averages which are plotted as explained below. 

The derived data is plotted in two parts as shown in Fig. 21. In the 
upper part of the chart the average number of trains per day are plotted 
against the average hours per train. In the lower part the gross tons per day 
are plotted against the average hours per train. Thus in the upper part of 
the chart there will be twelve dots labeled or numbered to correspond to the 
months of the year. Each dot shows the average number of trains operated 
per day for the corresponding month and also the average time on the road 
for all trains, assuming the average run is equal to the distance between 
terminals. 

In the lower part of the chart there will be twelve dots labeled or num- 
bered to correspond to the months of the year, but instead of the dots show- 
ing the average number of trains per day, they show the average tonnage 
handled per day and the average time on the road per train. If the train 
weights were constant there would be no need for the lower portion of the 
chart because the upper and lower parts would be identical except for a dif- 
ference in scale. 

The upper part of the chart gives the same information as shown in 
model form Fig. 19. If the actual performance were according to theory a 
straight line could be drawn through zill twelve points. Actually the 12 points 
for 1925 are not on a straight line but it is remarkable how close they come 
to a straight line. The point of intersection with the horizontal axis in this 
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case can be accurately determined from the position of the 12 points by lay- 
ing a straight edge through the midst of the points, neglecting points 1 and 2. 
Having determined the point of intersection a line can be drawn through it and 
the point X which is the average performance for the year. 

The twelve points for 1928 show quite a variation from a straight line, so 
much so as to leave considerable doubt in one’s mind where a representative 
line would intersect the horizontal axis. For this reason a 10 day test period 
was selected and a train hour diagram, Fig. 22, constructed to determine the 
minimum time which will be seen is 7-45 hours. The straight line was then 
drawn through this time on the horizontal axis and the point X representing 
the average performance for the year. 

These two lines show the effect of different methods of operation. The 
profile of the section of railroad where this data was obtained is such that one 
locomotive can handle on the light grades all the tonnage that four loco- 
motives can handle on the heaviest grades. When only one helper locomotive 
is used on the heaviest grades the single locomotives are lightly loaded on the 
light grades and consequently can make higher speed than they can when 
more heavily loaded with a train which requires two helpers on the heaviest 
grades. 

Theoretically these two lines should be parallel. As drawn they are not 
parallel but it would require only a slight adjustment to make them parallel. 
The dotted line represents the performance of fast freight trains as obtained 
from train hour diagram, Fig. 23. AH three lines are nearly parallel as called 
for by the theory , 

This log of freight train performance indicates that while it required 
about eighteen trains with a single helper to handle 42,500 gross tons per day 
in 1925, it required less than eleven trains with two helpers to handle 39,500 
gross tons per day in 1928, or the number of trains required to handle a given 
tonnage is about inversely proportional to the number of locomotives per train 
as would be expected, but the average time on the road is 1.4 hours shorter 
(not wit h sta ndin g the greater number of trains) when only one helper is used 
than when the train weight is increased and two helpers per train are used. 

Comparative Freight Traht Perpormance Charts. — ^In order to show 
the effect of additions and betterments, such as double tracking, grade revi- 
sions, signals or larger motive power, it is often instructive to construct com- 
parative freight train performance charts by plotting the average points from 
the log of freight train performance for a year or number of years prior to 
the date of the given improvements for comparison with the performance 
after the improvements have been made. In other words, these charts help 
to analyze what has been accomplished and -by what means; hence, in look- 
ing ahead they can be used for forecasting what may be accomplished by 
various kinds of improvements. 

An interesting chart of this kind is shown in Fig. 24 for railways in the 
United States compiled from periodic reports of the Interstate Commerce 
Commission. The dots on this chart show the average freight train per- 
formance for nine years, 1921-1929. The sloping lines are obtained from the 
log of freight train performance (not shown) to assist in explaining the use 
which can be made of the charts. 

It will be noted that with the exception of 1922, all the dots for the five 
year period between 1921 and 1926 faU between the two sloping lines, and 
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none of the dots for later years falls within this area. The reason for the 1922 
dot falling below the 1921 line is explained by the fact that the shopmen’s 
strike and fuel shortage occurred in that year. The dot for every other year is 
above the 1921 line indicating that the trend in freight train performance may 
be represented by revolving the sloping line about its intersection with the 
horizontal axis in a counter-clockwise direction. Thus freight train per- 
formance has been improving consistently for the past eight years. 

The improvements in performance from year to year are due in a large 
measure to the large investments the railroads have made during this period 
for new facilities. During the eight year period from 1921 to 1929, the rail- 
roads have invested in road and equipment upwards of 800 million dollars per 
year and have retired property amounting to over 200 million dollars per year, 
leaving a net investment of nearly 600 million dollars per year, a large 
part of which represents new facilities. By means of these new facilities the 
railroads have been able to handle 50 per cent more traffic in 1929 than they 
handled in 1921, and shorten the time on the road 14 per cent. The freight 
train miles have increased IS.5 per cent indicating that the average weight of 
trains has increased 30 per cent. The effect of these investments shows up in 
the record of freight train performance and also in increased revenues and 
lower operating costs. 

Judging from the past and looking ahead 10 to IS years, the railroads 
will be called upon to invest many millions of dollars more for new facilities. 
If the traffic should increase 40 per cent, the weight of trains 20 per cent, 
and the speed 10 per cent, it is a simple matter to show on the diagram what 
the performance will be at that time. The point “A” indicates graphically the 
effect of these conditions upon freight train performance and it will be interest- 
ing to follow the records and note the progress from year to year with 
reference to this point. 

The results obtained by all the railroads in the United States, ten to 
fifteen years from now, will be a combination of the results obtained on in- 
dividual systems, and the system results will be a combination of the results 
obtained on the divisions composing the system. The past performance on 
individual districts or divisions can be analyzed by means of Freight Train 
Performance Charts and the analyses used to investigate various methods 
by whidi increased capacity can be obtained, a better service performed and 
operating costs reduced. 

Applications 

Freight Train Performance charts or Train Hour Diagrams have been 
used in the following studies: 

(1) Forecast of the effect of double tracking upon freight train per- 
formance compared with actual results. A.R.E.A. Proceedings, Vol. 
24, page 1046— Vol. 27, page 746 — Vol. 30, page 752. 

(2) Effect of passenger train operation upon freight train performance, 
A.R.EA. Proceedings, Vol. 25, page 708. 

(3) Effect of supervision upon freight train performance, A.R.E.A. Pro- 
ceedings, Vol. 26, page 878. 

(4) Effect of substituting heavy steam power for light steam power upon 
freight train performance, A.R.EA. Proceedings, Vol. 26, page 878. 

(5) Effect of the installation of automatic signals upon freight train 
performance, A.R.EA. Proceedings, Vol, 27, page 739, Vol. 31, page 
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COMPARATfVE FREIGHT TRAIN PERFORMANCE 

RAILWAYS IN THE UNITED STATES 
AL.L OISTRtCTS 
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SUMMARY 

Effect of Double Tracking 

One of the first applications made of the theoretical train hour diagram 
and freight train performance chart was in connection with a study to fore- 
cast the effect of double trac k i n g a short section of road on an important trunk 
line. See Vol. 24, page 1046. Later the section was double tracked and a 
second study was made to compare the forecast with the results actually ob- 
tained. See Vol. 27, page 746. 

In another study train hour diagrams and freight train performance 
charts were used to show the effect of major improvements on a line 122 miles 
long. These improvements consisted for the most part of an increase in 
double track from 43 miles to 101 miles, or nearly two and a half times. 
Some reductions were made in the ruling grades and yard facilities were im- 
proved. The total effect is shown in Fig. 25, reprinted from the Proceedings, 
Vol. 30, page 752. In this case the actual results would have been dif&cult to 
forecast unless a more detail study were made of the conditions existing in 
1924 to ascertain the causes for road delays affecting the performance of the 
best or assumed perfectly operated train. 

The improvement in the performance of fast freight trains between 1924 
and 1926 as shown on the freight train performance chart are approximately 
what would be expected from the additional double track, but the improve- 
ment in the performance of slow freight trains is much greater than can be 
accounted for by the additional amount of double track. No doubt the double 
track improvement corrected other faults and for this reason a large part of 
the improved train performance may be due to the correction of unfavorable 
conditions aside from double tracking. 

Effect of Passenger Train Operation upon Freight Train Per- 
formance 

The principle of freight train performance charts was used in a study 
published in Vol. 25, page 708, to show the effect of passenger train operation 
upon freight train performance. The data indicated that the effect of adding 
three passenger trains per day was equivalent to the effect of adding five 
freight trains, or that one passenger train is nearly equivalent to two freight 
trains in its effect upon the performance of freight trains. 

From this relation it will be seen that passenger train operation is an 
important factor to be taken into consideration when dealing with the actual 
track capacity of a railroad. 

Effect of Supervision 

Supervision is a factor which has a more or less intangible effect upon 
freight train performance. On account of the fact that it is difficult to 
evaluate it is ordinarily assumed to be constant and is neglected. 

It is generally understood that supervision has to do with those factors 
affecting morale, working conditions or direction of the employees. The 
effect of these factors upon train performance depends to a large extent upon 
the degree that this function is exercised. It is made manifest only periodically 
when an extra effort is made to achieve better results, or when conditions arise 
which render it ineffective. 




Fig, 25 — Train Pertormance on 122-Mile Section Derived From Train 
Hour Diagrams Northbound Trains June, 1924 and 1926, Before and After 
Double Tracking, 
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To illustrate, it will be recalled that the strike of union coal miners in 
April, 1922, was later followed by the shopmen’s strike in July. A fuel short- 
age resulted from the former and supervision was rendered ineffective by the 
latter. Freight train performance charts offer a convenient way to compare 
the freight train performance for the ten months’ period, beginning with July, 
1922, and ending with April, 1923, with a 31 months’ period when conditions 
were normal. See Vol. 26, page 886. These were extreme conditions and 
probably there would be few cases where supervision could be expected to 
have as great an influence as indicated in this case. It indicates, however, that 
the gain from intelligent supervision may be as effective as large expenditures 
for new facilities. 

Effect of Substituting Heavy Steam Power for Light Steam Power 
upon Freight Train Performance 

Freight train performance charts were used to show the effect of a change 
in the capacity of steam locomotives upon freight train performance. The 
study was published in Vol. 26, page 886, and is largely qualitative. No at- 
tempt was made to analyze the results so as to be able to use them in fore- 
casting what can be accomplished by substituting heavier power by comparing 
the characteristics of the locomotive. 

Effect of Installing Automatic Signals 

Freight train performance charts were used to show the effect of installing 
automatic signals on two sections of a single track division. The studies were 
published in Vol. 27, page 739. Fig. 26 shows the results of signal installa- 
tion on a forty-two mile section. This installation resulted in a reduction of 
thirty-one minutes in the average road time per train corresponding to an 
apparent gain in tonnage capacity of 37.8 per cent. 

The installation on a sixty-six mile section resulted in a reduction of one 
hour and four minutes in the average road time per train corresponding to an 
apparent gain in tonnage capacity of SS.O per cent as shown in Fig. 27. 

A third installation described in Vol. 29, page 442, was made on a forty- 
eight mile section and resulted in a reduction of twenty-five minutes in the 
average road time corresponding to an apparent gain in tonnage capacity of 35 
per cent as shown in Fig. 28. 

In connection with each of these installations a change was made from 
No. 31 to No. 19 train orders. The improvements in train performance are 
partly due to this change in the manner of issuing train orders. 

Effect of Installing Dispatcher Control or Central Control System 

The installation on which this study was made is known as the first com- 
plete instance of signal dispatching whereby trains operated by signal indica- 
tion on single track without train orders or time table superiority. 

The installation covers forty miles of road, of which 37 miles is single 
track and 3 miles double track signalled in both directions, or the equivalent 
of forty-three miles of single track signalling. 

The study was published in Vol. 31, page 1003. 
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Conclusions 

A. (1) It has been found that train operations can be represented by a 
mathematical law. 

(2) The application of this law to different sets of observations make 
it possible to compare several months* operation of a given division on a 
more equal basis. Likewise, operations of different divisions which are more 
or less similar can be compared on more nearly the same basis. 

(3) By such comparisons the effect of extreme weather conditions, 
greater facilities, motive power, different commodities, and supervisory methods 
on the average time on the road can be more accurately determined. 

B. (1) Increased supervision, consisting of scientific study and 
thoughtful effort, will increase the capacity of a railway. 

(2) Increasing capacity of locomotives results in an equal increase in 
capacity of the railway. 

(3) Double tracking will increase the capacity of a railway. The in- 
crease in capacity being proportional to the amount of second track. Careful 
study should be given to practicability of increasing capacity of single track 
and obtaining more intensive use of same, either by increased supervision and 
study of operations, signals, etc., before constructing double track. 

(4) Installation of automatic signals on a single-track railway will in- 
crease the capacity of the road, this increase varying with the length of 
division on which installed and with the number of passenger trains operated. 

(5) Installation of Complete Signal Dispatching System on a single- 
track railroad will increase the capacity of the road. This method of in- 
creasing capacity should be considered when the volume of trafBc justifies, or 
when other conditions necessitate. 

These studies have been undertaken to test out the theory of train hour 
diagrams and obtain experimental knowledge which would serve to extend the 
scope of- the method in connection with the investigation of other factors 
relating to freight train operation. 

From a qualitative standpoint, comparative freight train performance 
charts provide a simple and accurate method for showing actual results ob- 
tained by various methods of operation or changes in facilities. In order to 
analyze the results or forecast the effect of proposed improvements, it is 
necessary to develop a mathematical theory to account for some of the rela- 
tions which have been found to exist. A discussion of the mathematical 
theory will be found in Exhibit A. 

The Committee recommends that this report be received with the view of 
having it prepared for presentation and publication in the Manual. 
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Exhibit A 

SIMILARITY BETWEEN THE TYPICAL TRAIN HOUR 
DIAGRAM AND PROBABILITY CURVE 

Train operations have in them the element of luck, that is, every train 
after it leaves a terminal runs a chance of being delayed from one cause or 
another. Some trains will be delayed more than others and the time that a 
train consumes on the road depends largely upon various combinations of cir- 
cumstances. It is, therefore, logical to assume that an equation in the form 
of the Probability Curve will most nearly fit the points on the train hour 
diagram. 

When the origin of co-ordinates is (0,0) the equation of the Probability 
Curve is: 


y = Ks-i'^y 

which is symmetrical both sides of the Y axis as shown in Fig. 29. By using 
half of the probability curve and substituting a rectangle for the other half, 
the typical train hour diagram is obtained as indicated. In this connection it 
is interesting to note how closely the theoretical values obtained from the 
equation agree with the actual values obtained from dispatcher sheets. See 
train hour diagrams of road time and -crew time Fig. 16, also Fig. 22 and 23. 

Two points, a and b, on each diagram can be used to derive the equa- 
tion of the probability curves and compute the theoretical values. 

(I) Derivation of Theoretical Train Hour Diagram 
Let the equation of the theoretical train hour curve be 
y = Ke“(«0* 

Where Y = Number of trains taking more than t hours to complete their 
runs. 

FT = a constant. 

t = hours referred to a system of co-ordinates where Y when t-=.o. 

Then if K is known the co-ordinates of two other points (a and b) will 
determine the curve. The number of trains considered determines K, hence if 
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(Fi, and Fa, is) are the co-ordinates of the two points a and b respec- 
tively, then 

Yl = Ke-C"'!)* and Yi = Ke-^riny 
or {ntiY = loge (yj-) (n? 2 )® = loge (-y-^) 

Substituting -f- C for h 

m (ti -{- C)2 — loge (y^) 

Solving for h and n 



K 

where M = 

loge ("y^) 


n2 


K 


hge Yl 


If fi and Aa' are the abscissae of the points a and b, and U the absdssa 
of the origin of the assumed system* of co-ordinates when referred to the 
origin of the train hour diagram, then 

fa' — fi = io = the minimum time 

The following table shows a convenient arrangement of the calculations 
for obtaining the equations of the theoretical train hour diagrams and 
plotting the curves. N representing the number of trains has been substituted 
for K, a constant in the formula. 


Table 

Example 

1. Total Number of Trains Considered N 100 

*2. No. of Trains over ta' Hours (8.2) Ya 20 

*3. No. of Trains over ti' Hours (6.2) Ya 80 

4. Time Interval Between tr' and ti' C 2 

N 

5. Ratio Item (1)/Item (2) = 5 

N 

6. Ratio Item (1)/Item (3) = 1.2S 

7. Loge Item (5) 1.60944 

8. Loge Item (6) .22314 

9. Ratio Item (7) /Item (8) M 7.213 

10. Square Root Item (9) 2.685 

11. Item (10) — 1 1.685 

12. Item (4) 4- Item (11) tx 1.187 

13. tx of Item (3) — Item (12) to 5.013 

14. Item (8)-=-Item (12)* (See note § )... n* .1584 

15. Square Root Item (14) n .398 

T (theoretical) = t« + ^ 7^38 


^ To obtain accuracy and Fi should be selected so that the ratios 
N/Ya and N/Ya will be approximately 1.25 and 5.0 respectively. 
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t' = 


(nt)* 

e-(nt)a 


to-|- t 

to t 

Item 14Xt® 

Note A ne“^“*^* 

5.013 

5.013 0.0 

0 

1.000 

100.0 

5.513 

5 

.0398 

.960 

96.0 

6.013 

1.0 

.1584 

.870 

87.0 

7.013 

2.0 

.6336 

.528 

52.8 

8.013 

3.0 

1.4256 

.240 

24.0 

9.013 

4.0 

2,5344 

.080 

8.0 

10.013 

5.0 

3.9800 

.020 

2.0 

11.013 

6.0 

5.7024 

.003 

.3 

Note A.- 

-For convenience the 

values of 

are shown by 

curve J 


Fig. 30, for various values of (nt)’. 

§ If common logs are^ used in the calculations multiply item 14 by 2.30. 


(II) Area of the Theoretical Train Hour Diagram 

The area of the train hour diagram is the sum of two areas, one the area 
of a rectangle having the dimension N and to and the other the area under 
half the probability curve. If the area under the probability curve between 
0 and 00 is taken as unity, it can be shown that 

K = N 

V 7t 


Hence, the area of the train hour diagram referred to some arbitrary unit 
of area is 

Mo + l 1 


Nto = or = 1 

V TT 2n 

or the area of the train hour diagram in train hours is 
N VF 




Zn 


and the average time T = to -\- 


2n 


Substituting for i in the formula Y ~ 
2n 


TC 

Y ^ Ne — Z ^ .456 N 

In other words, 45.6 per cent of the trains will consume more than the 
average time and 54.4 per cent of the trains will consume less than the aver- 
age time. 
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Fig. 30, 
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(III) Area o£ the Theoretical Crew-Expense Diag^ratn 

If crews are paid on the basis of 100 miles or eight hours, all crews will 
be paid for a minimum of eight hours (if the run is not over 100 miles) and 
crews on duty more than eight hours will make overtime. Usually some of 
the crews will be on duty less time than the limit set for overtime to begin. 
If (AE Fig. 14) represents the time when overtime begins, then the area 
of the rectangle (AEFD) having the dimensions N and t" will represent the 
hours paid for at straight time rates. The area of that part of the train hour 
diagram outside of the rectangle represents overtime and is paid for at over- 
time rates which are usually higher than the straight time rates. In the 
United States the overtime rates are 50 per cent higher than the straight time 
rates. 

If all crews make overtime the difference between the total time on duty 
and the total straight time equals the total overtime. If some crews are on 
duty less hours than the straight time pay calls for it is necessary to calculate 
the total overtime as described below. 

It will be seen from the diagrams that the area representing overtime is 
only part of the area under the probability curve. By assuming arbitrary 
units the total area under the probability curve can be made equal to unity 
and the area of any portion can be expressed as a deci m al or as a ratio. 
Curve B, Fig. 30, has been plotted from tables giving values of the probability 
integral corresponding to various values of (nt) and shows the ratio of the 
area under the probability curve between o and t to the total area under 
the curve. The difference between the total area and the area between to 
and t" represents the overtime, or the ratio of the overtime to the total area 
under the probability curve is equal to one minus the ratio found from 
curve B. 

Example. Find the area of the crew expense, diagram Fig. 30 and Fig. 16. 


1. Number of Trains N.. 

2. Hours when Overtime begins .t".! 

3. Minimum Time on Duty to.. 

4. t" ~ to = t 

5. n (calculated) 

6. nt 

7. Ratio from Curve B for (nt) 

8. l—Item (7) 

9. Vlf -5- 2n 

10. Item (8) X Item (9) 

11. Total Overtime Item (1) X Item (10) 

12. Punitive Overtime 54 Item (11) 

13. Straight Time Item (1) X Item (2) 

14. Hours Paid for Items (11) + (12) -f (13) . . . 

15. Hours on Duty 


Fig. 30 
100 
8.000 
5.013 
2.987 
.389 
1.189 
.909 
.091 
2.225 

.203 

20.30 

10.15 

800.00 

830.45 

723.80 


Fig. 16 
141 
12,00 
10.88 
1.12 
.291 
.346 
.375 
,625 
3.015 

1.884 

265.6 

132.8 

1692.0 

2100.4 

1959.2 


(IV) Effect of Various Operating Conditions Upon Dimensions 
of Train Hour Diagrams 

Having determined freight train performance for a known set of operat- 
ing conditions it would be useful if some way were found to forecast what 
the performance would be under different operating conditions. Assuming 
that theoretical train hour diagriuns can be calculated which will dosely 
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approximate the actual train hour diagrams then by comparison of the 
mathematical relationship it ought to be possible after some experience to 
calculate the theoretical train hour diagrams for various operating conditions 
by substituting different values in the equation of the train hour curve. 

Suppose that Fig. 16 is the train hour diagram obtained from a division 
M.i. miles long operating Nx trains per day and it is desired to ascertain what 
the performance will be if the length of the division is changed to ifefa miles 
the number of trains increased to trains per day and the speed increased 
from Si to Sij other conditions remaining constant. 

If all trains could be operated perfectly, which is the limiting case, the 
train hour diagrams for all conditions would be rectangles with various dimen- 
sions. Increasing the length of the division without changing the number or 
speed of trains would increase the time on the road and hence lengthen the 
train hour diagram along the horizontal axis. Increasing the number of trains 
per day without changing the length of division or speed of trains would only 
increase the height of the train hour diagram, and increasing the speed of 
trains without changing the length of division or number of trains would 
decrease the length of the train hour diagram. The final effect of changing 
all the conditions can be found by analyzing the. effect of each condition and 
combining the results. 

In actual cases there are numerous conditions which affect freight train 
performance with the result that the train hour diagram is no longer a rec- 
tangle but is made up of two parts, one part being a rectangle and the other 
part being more or less triangular in shape. The rectangular portion of the 
train hour diagram represents perfect operation, assuming that the train taking 
the shortest time was operated perfectly as compared with other trains. Trains 
which did not operate as well as the best, met with conditions which delayed 
them. So far as can be ascertained ail trains were capable of making the 
same speed and except for incidental occurrences which happen to some trains 
and not to others or in greater degree to some trains than to others, the time 
on the road would be the same for all trains. The delays due to incidental 
occurrences are governed by conditions on the road, for example, the in- 
cidental occurrences on double track would be fewer and would cause less 
delay than the incidental occurrences on single track, likewise signals and 
careful dispatching of trains accomplish similar results. 

The effect of changes in conditions of the character mentioned above must 
be determined experimentally for a number of cases to obtain data which can 
be used in making forecasts. It is possible however to calculate theoretically 
the effect of changing the length of division, or number of trains per day or 
the speed of trains upon the equation of the train hour curve. The following 
mathematical discussion has been prepared in order to correct for slight dif- 
ferences in these conditions when comparing the performances at different 
periods. 

(V) Effect of Length of Division Upon Freight Train Performance 

Assume that Ni represents the number of trains operated over a division 
Ml miles long during a selected period; fo, the miTiimiim time and Ti the 
average time and it is desired to know what the change in these factore would 
be if the division were increased to M» miles. 
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If there were no change in speed of trains the minimum time representing 
perfect operation would be increased in the ratio of the lengths of divisions. 


I'o 


^ X 

M 


Likewise if the character of the profiles and track arrangement are 
equivalent the incidental occurrences causing delays would be equal in equal 
distances or proportional to the distances traveled. Hence the average time 


Tz = X Ti 




2ni ‘ 


Mi 


Thus it is possible to calculate the theoretical train hour diagram corre- 
sponding to a change in length of division other conditions remaining constant. 


(VI) Effect of Number of Trains Upon Freight Train Performance 

If Ni, Tx and to are the dimensions of a train hour diagram obtained 
during a period when Ni trains were operated and it is desired to construct 
a theoretical train hour diagram for another period when Nx trains will be 
operated, the equation of the curve can be obtained as follows: 

If there is no change in speed the minimum time representing perfect 
operation will be the same for Na trains as for Ni trains. 

U=zto 

If the occurrences causing delays to trains going the same distance are 
proportional to the number of trains the areas under the curve portions of 
the train hour diagrams are similar figures, that is, the areas will be pro- 
portional to the square of their linear dimensions. 


2n2 _ {N’lw 

2ni 


or N\ 


V Tt 

2n2 


N2 


V 7g 

2ni 


Ni 


V 


V Tf 

■^2 = ‘o + 27J7 


to "f" 


N2 
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Ni 2ni 


equation of a straight line. 


When N2 ~ 0 Ta — fo 

Thus the effect of increasing the number of trains may be represented 
by a straight line which intersects the horizontal axis at a point correspond- 
ing to the minim um time U. See freight train performance charts and log of 
freight train performance, Fig. 21 and 24. 

Hence given a freight train performance chart the equation of the 
theoretical train hour diagram can be computed for any number of trains 
from the average time and minimum time as follows: 


T = 



(VII) Bffect of Speed Upon Freight Train Performance 

If iVi, Ti and U are the dimensions of a train hour program obtained when 
the speed of trains was Si and it is desired to construct a theoretical train 
hour diagram for another period when the speed of trains will be Si the 
equation of the curve can be obtained as follows: 

If the speed of trains is increased from Si to St the minimum times to and 
to' representing perfect operation will be inversely proportional to the speeds. 

or to - t'o - ^ X to 

oj 

If the reduction in time (to — to') due’ to increase in speed is the same for 
all the trains operated during a given period, there will be the same difference 
in the average time or ‘ 

Ti - r, = X to 

OJ 

V ^ , V ^2 — <«Si 

+ ^ — X 'o 


n2 * ni 

Ti= to and T2 — t'o + ^ are equations 

2Ni m 2Ni ni 


of two parallel straight lines. 
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Since incidental occurrences are assumed to be governed by conditions on 
the road they are independent of speed and hence the assumption that 
Tx — T 2 = U — io' and not greater or less than U — tt is the only assumption 
which can logically be made. Fig. 21 shows an actual case which agrees sub- 
stantially with the theory. 

(VIII) Effect of Double Track Upon Freight Train Performance 

Double tracking increases the track capacity and theoretically reduces 
the incidental occurrences which cause delays in proportion to the increased 
track capacity. Theoretically perfect performance on single track is the same 
as perfect performance on double track, hence if Tx and Tx represent the 
average time for single and double track operation respectively. 

To = to + ^ and T 2 = to + ^ 

2ni 2 n2 

If Cl and Ca represent the relative capacities for single and double track the 
average delays due to incidental occurrences represented by the second term 
will be inversely proportional to the relative capacities, or 

V 7t ^ ^ ^ V 7t 

2/12 ^2 2,ni 

C 2 

or n 2 = ^ X ni 

From VI n ' 2 = ^ “ n 1 = X ni 

N 2 C 2 
” Ni - Cl 

That is for a given average time the number of trains which can be oper- 
ated without exceeding the given time varies directly with the track capacity. 

In actual practice perfect performance on double track is often better than 
perfect performance on single track, because of the fact that on single track a 
train may never be found that actually had a clear track with no interference. 

(IX) Effect of Signals Upon Freight Train Performance 

The installation of signals or improvements in dispatching theoretically 
reduces the incidental occurrences which cause delays without adding track 
capacity. The effect therefore is similar to double tracking but the saving in 
delays is less than for double tracking and since there is no increase in track 
capacity the number of trains which can be operated is limited by the track 
capacity as showm in Fig. 31. 

(X) Miscellaneous 

The foregoing discussion outlines the effect of some of the fundamental 
condition upon freight train performance. Grade revision, new alignment, 
supervision, substitution of more powerful motive power, etc., have indirect 
effects upon the fundamental conditions. When these effects are known the 
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fundamental conditions can be corrected accordingly and a forecast made of 
what the results will be. If the effects are unknown it is possible by com^ 
paring the performance at different periods and correcting for variations in the 
fundamental conditions to segregate the unknown effect, and investigate the 
conditions which may have caused it. 

The most concise method for showing the actual performance or the 
effect of improvements in facilities is by means of the Monthly Log of Freight 
Train Performance or by the Yearly Freight Train Performance Chart. 



Hours 
Fig. 31 
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Appendix B 

(3) METHODS OR FORMULAS FOR THE SOLUTION OF 
SPECIAL PROBLEMS RELATING TO MORE ECONOM- 
ICAL AND EFFICIENT RAILWAY OPERATION 

E. M. Hastings, Chairman, Sub-Committee; B. T. Anderson, R. C. Bardwell, 
S. B. Cooper, W. J. Cunningham, J. M. Farrin, W, W. Judson, F. H. 
McGuigan, Jr., H. T. Porter, V. I. Smart, M. F, Steinberger, B. Wheel- 
wright and C. C. Williams. 

VOLUME OR OTHER CONDITIONS OF BUSINESS OR SERVICE THAT 
WILL JUSTIFY A CHANGE FROM FLAT SWITCHING TO THE 
HUMP METHOD IN ANY GIVEN YARD 

Conclusion 

Conditions as to number of classihcations, ratio of cuts to total cars 
handled, time element and physical conditions are so varied that a definite 
answer in terms of volume and conditions is not possible. However, the 
limits within which a detailed study of the advantages of changing from flat 
to hump switching and methods to be followed in making such a study have 
been stated and submitted by the committee as Appendix E, page 1014 of 
Vol. 31 — ^“Formula for determining comparative economies of flat and hump 
yard switching.” This formula has been prepared for publication in the 
Manual as follows: 


MORTH AND SOUTH 

PORlflJLft TOR rKTERUronre CCTIPARATIVE ECOMOM3;gS or 
FLAT AND HUMP YARD S^yTTCHIWC 






(1) 

Trains • Avf . 24-2tr. period 

(a) Received 

(b) Dispatched 

(o) UaxinuB length cars 
(d) MajciBun nuober of traina ar- 
riving in any tvo-hour period 

1 

■ 

1 

1 

(2) 

Cars - Avg. 24-hour period 

(a) Received 

(b) Dispatched 

(c) Number Classified 

(d) Number of Classifications 

(e) Number of oars for each 

Clas aif icat ion 

(f ) Average number of oars per cut 

1 

1 

1 

1 

(3) 

Condition of Service 

(a} 24, 16 or 8 hour operation 

(b) Kind of traffic 

Ferlahable - percent 

Other Itonifest - " 

Slov - •• 

(o) Average time of cars from ar- 
rival in yard to departure 
from yard 

1 

1 

1 

1 

(4) 

Locomotive used - Type, T. E. 

(a) yard Switching 

(b) Transfer 

(e3 Industrial and rip track 

■ 

■ 

■ 

■ 

(5) 

Locomotive Hours 

(al yard Svitching 
(b) Transfer 

(o) Lidustrial and rip track 

■ 

■ 


■ 
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No Jlen 

Cost 

NoJKen 

Cost 

(6) Cost of Operation - Avg. 24-houra. 





(el 'Vfages 





yardisesters and Assistants 
Yard Clarks 

Yard Sogineiaen 

Yard Traimaen 

Saiteh Tenders 

Car Riders 

Car Retarder Operators 

Other Wages 





(h) Locoeiotive Costs 





Fuel 

.... 


.■>. 


Tlfeter 

.... 


• ••• 


Lubricants 



.••• 


Other Supplies 

.... 


.... 


Rtiginehousa £xi>enses 

• ••• 


ft ••• 


Yard Supplies £ Sxpenses 

.... 




LoconotlTe Repairs 

LoeoQotlve Interest and 

.... 


.... 


Depreciation 





(a) Uiscellaneous 





Train Service Etaployes 

Ubtor Operation in Yard 

.... 


.... 


Bus Service 



• ••ft 


Other Uisol. 

.... 


.... 

- 

(d} Signal and Interlocker Op- 





eration 





Wages 

Other 



.... 


(e) Power Ueed for Operation of 





Lighting, Signals and Retard- 





Sle ctricity 



.... 


Other Power 

.... 


.... 


(f) Lose and Datnage 





Freight 



• ••• 


Squii^aent 

•••• 


• ••ft 


(7) liainxenance Costa 





(a) Ties 



.••ft 


(b) Raila 

*••• 




(c) Ballast 

(d) Roadway and Track 





Roadway i:alnte nance 

• ••• 


*•«« 


Other Track Hat' 1. 

«••• 


.••• 


Trecklaying and Surfacing 



• • •• 


(e) Bridges and Stznieturas 





Brldgee, treaties and 





Culvez^B 





Station and Office Bldgs. 



• •• • 


Rosdimy buildings 





'\%ter Stations 

»• • • 




Fuel Stations 



.••1 


Shops £ Engine Houses 



*••• 


Power Plant Buildings 

*«« • 


.••ft 


Power Sub-Station Bldgs. 

• ••ft 


• ••• 


Power Transaiseion Syaten 

• • ■• 


ft • •• 


Power Distributor System 
Power Lines, Poles end 



•••• 


Fixtures 

• ••• 1 


.••ft 


Undergroxuid conduits 

• ••• 


ft*ftft 


(f) Signals and Interlockers 

• •ft* 


ft • ft. 


(g) Retarder Plant 

ft. .ft 


ft... 


(8) Total Daily Operating Coat 

.... 


.... 


(9) Daily Capital Coot 

.... 


.... 


(10) ORAIO) TOTAL DAILY COST 

.... 


.... 


(11) GRAl'D TOTAL COST HSR AMWm 



.... 


(12) AVERAGE COST PER CAR 

.... 


.... 
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NOTES IN CONNECTION WITH FORMULA FOR DETERMINING 
COMPARATIVE ECONOMIES OF FLAT AND 
HUMP YARD SWITCHING 

(1) Trains 

Data for present yard to be determined from the current reports or 
special study. In proposed yard reasonable allowance for future development 
to be made. On these items depend the number and length of receiving tracks 
necessary. If present capacity of receiving tracks is limiting the length of 
road trains or causing delay by the necessity of “doubling over,” this condi- 
tion should receive proper consideration in estimating cost of operation of pro- 
posed hump yard. 

(2) Cars 

Data for present yard to be determined from current reports or special 
study. In proposed yard reasonable allowance to be made for future develop- 
ment. These items determine the number and length of classification tracks 
necessary. 

(3) Condition of Service 

The cost of operation of hump switching will depend largely upon the 
necessity or otherwise of continuous operation over 24 hours. With the pro- 
vision of receiving and classification tracks of ample capacity and length from 
800 to 1,000 or more cars can be handled per 8-hour shift and if conditions of 
service will permit handling in one or two 8-hour shifts the cost of operation 
as compared with 24-hour service will be materially reduced. To determine 
the period of operation necessary, special study of the nature of the traffic 
must be made, embracing monthly seasonal, and yearly variations and in- 
cluding prospective increase or decrease in volume of business. 

(4) Locomotive Used — Type T.E, 

The type and tractive effort of locomotives used are required in deter- 
mining the cost of locomotive service. 

(5) Locomotive Hours 

(a) Yard Switching. — In yard operation, some of the time of engines 
nominally engaged in switching is used for transfer or industrial work. Special 
time study should be made to segregate the time actually engaged in switch- 
ing. In estimating the locomotive hours required for switching a proposed 
hump yard, it may be assumed that one engine working on the hump will 
shove over 800 cars per 8-hour shift. If the requirements are such that a 
greater number must be handled in any 8-hour period, a second engine will be 
necessary to bring the cars from the receiving yard. A separate trimming en- 
gine is not necessary unless the yard is being worked at peak capacity. 

(b) Transfer. — ^The number of transfer engines employed, present and 
future, depends on local conditions. Under hump operation it may be pos- 
sible to reduce the number of transfer engines by reason of elimination of 
delays waiting for transfer runs to be switched. Local conditions in each yard 
govern. 

(c) Industrial and Rip Track. — Generally the substitution of hump for 
fiat switching will make little or no change in the engine hours employed in 
industrial and rip track work. 

(6) Cost of Operation, per 24 Hours 

(a) Wages. — ^Whether or not it will be possible to reduce the supervisory 
forces depends entirely upon local conditions. Generally hump yard opera- 
tions are more restricted in area and the same or closer supervision may be 
obtained with fewer men. Yard Enginemen — ^Depends entirely upon the 
locomotive hours. Yard Trainmen — ^In flat yard operation an engine is 
usually operated with a foreman and two helpers; the crew on engines engaged 
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exclusively in humping can usually be reduced by one helper. Switch Tenders 
— ^The number of switch tenders required depends entirely on local condi- 
tions. Car Riders or Retarder Operators — ^This depends upon whether yard 
is to be operated with car riders or retarders. If the yard is to be operated 
by car riders, the number necessary per shift depends on the number of cars 
to be handled and the facilities for return of riders. For estimating the figure 
of 45 rides per car per man per 8-hour shift may be used. If by Retarder 
Operators, the number depends on the layout of ^e yard and the number of 
retarders provided, and whether or not continuous operation is necessary. For 
estimating, use three retarder operators per shift or if over 30 classification 
tracks increase one retarder operator per shift for every additional 10 tracks. 

(b) Locomotive Costs. — Interest and depreciation to be figured on class 
and number of engines used. Repairs — Depend on locomotive hours and 
cost per yard locomotive mile for the class of locomotive used on the in- 
dividual road making the study. Fuel, Water, etc. — ^Depends on the locomo- 
tive hours and individual road making the study. Engine House Expenses — 
This depends upon the number and class of locomotives despatched. There 
will be no change in the item of yard supplies and expenses. 

(c) Miscellaneous. — ^Bus service and train service employees is intended to 
cover any change there may be in the location of the yard necessitating pro- 
vision by the railroad of service from some central point to the location of the 
yard for the convenience of employees- These costs will be effective in the 
event of the site of the proposed new yard being at a considerable distance 
from ^e present yard where bus and train service is not necessary. Motor 
operation in yard is intended to cover the cost of operating motors, electric or 
g^oline, for the purpose of returning hump riders, where same are used, and 
will depend upon the length of the yard, whether or not continuous service is 
required and the speed of operation required. 

(7) Maintenance Costs 

Such items as may be affected are set up in accordance with the official 
classification, with the exception of the retarder plant. This should include 
the m^tenance of the parts of the retarder plant that are not covered by the 
foregoing items. Other items of maintenance will not differ per unit as be- 
tween a flat and hump yard, but provision must be made for additional track- 
age, additional structures, additions to signal installations, etc. 

(9) Daily Capital Costs 

This item to include interest, taxes, allowance for depreciation or 
obsolescence and other fixed charges on the retarder plant, and other additions. 

Generai, 

The design of a hump yard should, if practicable, be such that it can be 
flat switched when the volume of business has decreased to a point where 
hump switching is uneconomical. 
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Appendix C 

(5) SUITABLE UNITS FOR OPERATING AND EQUIP- 
MENT STATISTICS REQUIRED BY THE INTERSTATE 
COMMERCE COMMISSION TO BE USED ON COST 
COMPARISONS OF TRANSPORTATION, EQUIPMENT 
AND ROADWAY MAINTENANCE, WITH NECESSARY 
ADDITIONS THERETO, COLLABORATING WITH COM- 
MITTEES XI— RECORDS AND ACCOUNTS, XVI— 
ECONOMICS OF RAILWAY LOCATION, XXII— ECO- 
NOMICS OF RAILWAY LABOR 

C. H. R. Howe, Chairman, Sub - Committee ; H. C. Crowell, W. J. Cunning- 
ham, W. W. Judson, E. E. Kimball, L. E. Little, M. E. Mannion, F. H. 
McGuigan, Jr., O. V. Parsons, H. T. Porter, C. H. Stein, C. C. Williams, 
John S. Worley. 

The general business of railroads is handling freight and passengers, and 
rules for the separation of charges between these two classes of business have 
been established by the Interstate Commerce Commission, as an adjunct to its 
Primary Account Classification. 

One of the initial steps necessary in setting up the required statistics is 
the selection of proper units, in terms of which the relative costs of handling 
business may be expressed on a comparative basis. 

The simplest income statement possible is one which shows the total ex- 
pense chargeable to the handling of freight and passengers, the total revenue 
derived from the handling and the resultant profit and loss. It is evident that 
dividing the total expense of freight or passenger handling by the number of 
units involved will be the cost per unit for the class of business in question. 
It is further evident that unit costs so obtained on different railroads, or 
different divisions of the same railroad are directly comparable. 

It is entirely possible to proceed in this wise and establish comparisons 
account by account, or comparisons of accounts in groups with like groups. 
But such procedure simply serves as a basis for comparison, and in no man- 
ner suffices as explanatory of reasons for variations in costs on different rail- 
roads, different divisions, or even for the same territory for different periods. 

Costs in terms of basic units are, in fact, statements of results, or effect. 
The actual comparisons must be obtained through the study of the causes that 
produce the effect. To make such study it is necessary to segregate the 
primary accounts into their component sub-accounts applying such further 
identifying units, or combination of units, peculiar to the item under con- 
sideration, as are essential to the analysis. 

Valuable as such mathematical data may be any comparison is apt to be 
misleading unless a thorough understanding is had of all the attendant condi- 
tions of operation of maintenance of equipment and of maintenance of way. 
It is our opinion that the elements of cost comparison are: 

(1) Results in terms of basic units. 

(2) Comparison of details in terms of subsidiary units. 

(3) Explanatory statement of conditions. 

Your Committee finds that the basic units are very definitely established 
by custom and general use. They are as follows: 
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Freight Service 

The ton and mile are units of standard measure, and it is usual to ex- 
press the volume of freight business by stating the number of tons carried one 
mile. The unit being “net ton mile,” This can readily be converted into the 
“revenue ton mile” by eliminating non-revenue freight. 

If the total expense is divided by the net ton miles, the resultant figure is 
the cost per net ton mile. Likewise the revenue divided by the revenue ton 
miles is the revenue per ton mile. 

Notwithstanding the adaptability of the “net ton mile” as a unit on 
which to base comparisons of cost results, it is evident that consideration 
must be given to an expression of the volume of business inclusive of the 
factors that create expenses beyond those incurred in the direct handling of 
freight tonnage. The “gross ton mile” does so include these factors and is as 
comprehensive in its application as the “net ton mile,” and as a basic unit for 
comparing efficiency in the conduct of the business it is a more suitable 
medium. 

It will be noted that the net ton mile, the revenue ton mile and the gross 
ton mile may be applied as units to both rail and water transportation. 

Passenger Service 

In regard to the selection of basic units, the revenue passenger mile may 
be applied to water transportation and to actual passenger containing con- 
veyances on rails, but it does not apply to express, mail and similar service 
hauled in passenger trains. On the other hand, the passenger train car mile 
can not be applied to marine transportation, so it is necessary to apply dif- 
ferent units to rail and marine service accounts. 

It will be found, however, that the gross ton mile is applicable to baggage, 
mail and express cars as well as vessels. 

Your Committee submits as suitable Basic Units applicable to all ac- 
counts: 

Freight Service — Both Rail and Water 

Gross Ton Mile 
Net Ton Mile 
Revenue Ton Mile 

Passenger Service 

Gross Ton Mile — Both Rail and Water 
Passenger Car Mile — ^Rail 
Revenue Passenger Mile — ^Water 

Subsidiary Units 

Your Committee is of the opinion that the choice of units necessary for 
individual account analysis is largely governed by the conditions imposed by 
the particular problem in question. Such units, and combinations of units, are 
numerous and of varying importance, and to publish a list showing their ap- 
plication to the individual accounts would serve no useful purpose, as it would 
be a repetition of subject matter already presented to the Association in the 
report of this Co mm ittee with necessary explanations and submitted in the 
Proceedings, Vol. 28, pages 514 to 524 inclusive. 

The report now presented is submitted as information and it is the 
recommendation of the Committee that the subject be discontinued. 
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Appendix D 

(6) PROBLEMS OF RAILWAY OPERATION AS AFFECTED 

BY THE INTRODUCTION OF AIR TRANSPORT LINES, 

MOTOR TRUCK AND BUS LINES, WITH PARTICULAR 

REFERENCE TO THE EFFECT OF THE LATTER UPON 

BRANCH OR FEEDER LINES, COLLABORATING WITH 

COMMITTEE XIV— YARDS AND TERMINALS AND THE 

MOTOR TRANSPORT DIVISION, A.R.A. 

M. F. Steinberger, Chairman, Sub-Committee; W. N. Deramus, Olive W. 

Dennis, L. E. Little, O. V. Parsons, Mott Sawyer, S. E. Shoup, C. E. 

Smith, L. C. Spengler, B. Wheelwright, E. S. Pennebaker and H. Rhoads. 

Each year since 1927, this Committee has presented statistics showing the 
declining passenger revenues of the railroads and the relation of this decrease 
to the increase in improved highway mileage and in the use of motor coaches, 
motor trucks and private automobiles. 

Inasmuch as a study of the statistics for the year 1930 develops that the 
same tendencies as were evident in the preceding years continue to exist, the 
Committee feels it unnecessary to burden its report with a repetition of the 
printed tabulations heretofore presented. 

Suffice it to say that passenger revenues do continue to decrease, more 
highways continue to be built and more automobile vehicles continue to 
operate. 

But one example will be cited to indicate the seriousness of the situation. 
One of the Eastern railroads in its compilation of data in the answer to the 
Questionnaire recently put out by the Interstate Commerce Commission de- 
veloped that in its territory there were 137 competitive bus companies whose 
aggregate road mileage was about 28,000 and 405 motor truck companies 
whose aggregate road mileage was 55,000. 

This compared roughly with a rail mileage slightly under 6,000. 

The most disturbing feature in both the passenger and freight field has 
been the increase in distance traveled by motor coach or of freight, both car- 
load and less carload, by motor truck. 

Numerous studies made by various roads have indicated that the prime 
consideration in the use of motor coaches for long distances is the low cost. 
Long distance motor coach fares average but little over 2.0 cents per passen- 
ger mile. 

This fact has led to the development of two schools of thought; one, that 
railroads should continue their development of subsidiary bus lines on the 
theory that they are better able to furnish a transportation service of this 
sort, and the other that the railroad companies should establish coach rates 
comparable with existing bus rates. 

A number of experiments in the latter direction have been or are being 
made, but results as yet have been too indefinite to base any real conclusions 
upon them. 

Improvements in service on the part of railroads is also one of the means 
for combating the bus competition. 

Speeding up trains, individual seat coaches, reclining chair coaches with 
lunch facilities and other methods have been tried all with more or less 


success. 
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It would seem that all these things have a tendency to bring passengers 
back to the railroad from busses, but it is doubtful if they have any ap- 
preciable effect on the users of private automobiles. 

An item of prime importance, however, is the growing use of motor 
trucks. All sorts of commodities, carload as well as less carload are being 
handled for distances running in some cases to hundreds of miles. 

Certain railroads are gradually adopting container car schemes with the 
thought of handling less carload more expeditiously and at lower cost. It 
seems to be the general experience that the container as now used can be suc- 
cessfully adopted only for handling freight moved through the medium of a 
consolidating agency. This because the experience of several roads is that not 
more than 2 per cent of freight moved in sufficient quantity from a con- 
signor to a consignee to make a single minimum container load. 

Other railroads have adopted the expedient of organizing trucking com- 
panies which through the medium of over the road trucking of truck-rail 
movement give storedoor deliveries. 

It is storedoor delivery plus no greater costs and expedited service which 
is giving popularity to the use of the motor truck. 

A considerable amount of space would be required to outline the various 
commodities now being handled by trucks and all other co-rclated data. We 
feel, however, that information concerning the inroads being made on railroad 
traffic has been so widely disseminated that it is not necessary to elaborate 
upon, and suggest that some discussion may be productive of more interest 
than the mere presentation of data. 

To avoid duplication of efforts being made by the Transport Division, 
American Railway Association, in the study of this and co-relatcd problems, 
your Committee recommends that the subject be discontinued. 


Appendix E 

(9) STUDY AND REPORT ON ECONOMIES RESULTING 
FROM THE USE OF THE RADIO TELEPHONE FOR 
LONG FREIGHT TRAINS AND FOR YARD WORK. 

J. E. Teal, Chairman, Sub - Committee ; J. M. Farrin, E. M. Hastings, C. H. R. 
Howe, E. E. Kimball, M. F. Mannion, J. F. Pringle and M. F. Stein-, 
berger. 

This subject was handled last year and a report submitted and published 
as Appendix H, on page 1027 in Volume 31 of the Proceedings. The con- 
duding paragraph of this report states in part as follows: 

“In general it may be said that the development of radio tele- 
phone communication for railroad service is proceeding rapidly, and 
seems about to emerge from the experimental stage. This will doubt- 
less follow unless the development is restricted by the Federal Radio 
Commission. Because of the very limited number of radio fre- 
quencies available for use in this country and the large demand for 
frequencies from such services as aviation, police, television and ships 
at sea, it seems problematical if the Federal Radio Commission will 
issue permits for general use for retarder yard or train service.” 

Since the writing of last year’s report there have been practically no new 
installations of radio telephone equipment for use in train or yard service, due 
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principally to the generally unfavorable attitude of the Federal Radio Com- 
mission. In fact, a few of the more important installations which were in 
service at that time have been discontinued by order of the Commission. 

So far there have been no radio frequencies assigned for use by portable 
radio apparatus in train or yard service, and the Commission will grant only 
experimental permits for the operation of such apparatus. Any railroad de- 
siring a commercial license for the general use of radio communication in train 
or yard service must first obtain an experimental permit, install the apparatus 
and have it inspected and approved by the Commission, after which the rail- 
road must appear before the Commission in public hearing and prove to the 
Commission’s satisfaction that the use of such radio apparatus is in the public 
interest. 

It is evident that there will be no material progress made in the general 
use of radio communication in railroad operation until it is proved to the 
Federal Radio Commission that this is in the public interest, or until the 
development of radio apparatus makes possible the use of even shorter waves 
than are used in the present short-wave apparatus, which would open up new 
ranges of frequencies and allow the Commission to assign certain frequencies 
for the exclusive use of railroad radio communication. 

The use of radio communication between shore stations and floating 
equipment or between different units of floating equipment, such as harbor 
tugs, ferries, etc., is allowed by the Commission and certain frequencies have 
been assigned to this service. Any railroad desiring a commercial license for 
the use of radio communication in such service may do so by first obtaining an 
experimental permit, installing the apparatus and by having it inspected and 
approved by the Commission. 

The Committee recommends that this report be received as information 
only, and that the subject be discontinued. 
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DISCUSSION ON STANDARDIZATION 

(For Report, see pp. 112-118.) 

Mr. J. C. Irwin (Boston & Albany): — ^In making my first report as the 
Chairman of this Committee I wish to tell you how fully I recognize the honor 
of succeeding Mr. W. C. Cushing in this important office. When Mr. Cushing 
expressed a desire to retire from the chairmanship last spring we urged him 
to continue and assured him that he would have the help of all the members 
of the Committee to do any work that he felt could be assigned to them. 
However, he felt that it was time for him to give up the chairmanship and 
therefore the new Chairman was appointed. 

The work of this Committee was started in 1919 and the early stages 
were ably handled by Mr. E. A. Frink as Chairman. In 1926 Mr. Cushing 
took up the chairmanship and his very enlightening and excellent reports during 
the next four years make a fine reference on the subject of standardization and 
its relation in the A.R.E A. work to the work of other associations which have 
it in hand. 

You will find the report of this Committee in Bulletin 329 on page 112. 

In recent years the work of standardization has been so well organized 
and Mr. Cushing’s reports have been so complete that this Committee is enabled 
to make a very concise report of the present situation. 

The Committee feels that its duty appears to be: “To encourage the use 
of A.R.E.A. Recommended Practices in the railway field, and to promote, as 
National Standards, such subjects as may be selected for sponsoring by the 
Board of Direction, from which it receives its instructions.” Also, “to main- 
tain contact with standardization bodies and keep the Association informed 
on important matters developed by such contact.” 

During the year there have been no subjects which have been referred to 
the Board of Direction and acted upon by the Board of Direction and handed 
to this Committee for consideration as National Standards. 

The most important development during the past two years; in fact, 1 
think the most important development that has taken place in standardization 
of the work of this Association is the endorsement and approval of the 
A,R.EA. 1929 Manual by the American Railway Association. That is a thing 
that many of us have hoped for and, so far as a great deal of the material in 
the Manual is concerned, it seems to be about as far as it should go. If we 
have the endorsement of the American Railway Association for our Recom- 
mended Practices in the railway field, that is sufficient for us to consider that 
we have the highest authority for the use of these practices in the American 
Railway Engineering Association. 

The members of the Association themselves are the agents through which 
the use of the Recommended Practices will be extended, and each member, by 
not only referring to the Manual to aid him in his work, but by using the 
Recommended Practices so far as he can lay aside any personal differences, 
will aid in the extension of these practices. 

There is a great difference in the material in the Manual as to the im- 
portance of its general use. There are some things which affect only the in- 
dividual railway. They have no influence over the activities of other rail- 
ways. In those cases, of course, the absolute use of the practices as recom- 
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mended is not so important. Yet I think a great deal can be done by member? 
in adopting what is in the Manual instead of following some of the old prac- 
tices which may not conform to it. But when we get into the larger field of 
the interests between railways, the railways and the manufacturers, and the 
lailways and the general public, it is easy to see that standardization will aid 
greatly in the saving of time, the saving of money, and in the reducing of 
friction, especially between railways and industry. 

On page 113 we have listed these ideas in regard to the relative importance 
of the general use of the recommended practices merely as a guide to those who 
are thinking of standardization in general terms, and to present to their minds 
the relative importance of the general use, throughout the country, of the rec- 
ommended practices in matters which have been standardized by national 
bodies. 

In order to facilitate the general adoption of practices in which the interests 
of the railways are involved with the interests of others, with whom they deal, 
it is important that the Standing Committees of this Association, to which sub- 
jects are assigned in their Outline of Work, secure the cooperation, not only 
of the representatives of other Divisions or Sections of the American Railway 
Association, but also of those of other national organizations of public service 
corporations or of industries as far as practicable, so that when a practice shall 
have been submitted to and approved by the A.R.E.A., it will have the support 
of such other bodies concerned in its general use. Without such co-operation, 
their opposition might defeat the purpose of the establishment of such recom- 
mended practice. 

Those who use the Manual should call to the attention of Committee 
Chairmen any real objections they find to the use of any recommended prac- 
tice so that such objections can be considered in the study of the revision of 
the Manual and any changes which appear necessary, to make the practice 
more generally acceptable, can be made by authorized procedure. 

On page 114 you will find reference to national standardization. Your 
Chairman of this Committee is the representative of the American Railway 
Association, Engineering Division, in the American Standards Association, which 
meets in what is known as the Standards Council, quarterly, to discuss mat- 
ters which come up in connection with standardization. The A.R.E.A., through 
its Board of Direction, can assign to this representative any project that it 
thinks should be handled by the American Standards Association for national 
standardization. If such a project is assigned, a Sectional Committee is ap- 
pointed in the Standards A.ssociation, made up of members of various bodies 
whose interests are concerned. After a long period of meetings, their standards 
are recommended and they come before the Standards Council for adoption, 
the Standards Council considering the adequacy of the study and recommenda- 
tion, the technical work, however, being done by the sectional committees, 
many of whose members are members of the American Railway Engineering 
Association. 

Page 115 refers to representation. There is a Board of Direction of the 
American Standards Association, of which Mr. L. A. Downs, President of the 
Illinois Central System, is the representative of the American Railway Associa- 
tion. 

In Canada there is a Canadian Engineering Standards Association. It has 
a Main Committee, several members of which are members of this Association 
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and other members who are railway men but who are not members of this Asso- 
ciation. The American Standards Association and the Canadian Engineering 
Standards Association both publish Year Books and Bulletins which they are 
glad to send to any members of this Association. They will keep you well- 
informed on the progress of standardization. 

Standardization has gone beyond the confines of any one nation, and on 
page 116 you will see the names of the countries, each of which has national 
standardizing bodies. 

Also, there is an International Standards Association, in which the stan- 
dards of various countries are considered, but they do not promulgate any 
international standards as yet. That Association is mainly for the purpose of 
giving each country the benefit of the work of the other countries. 

A conference held in Paris in May, 1931, is referred to on page 116. The 
Committee presents on page 117 the list of the American standards approved by 
the American Standards Association in the period from September 1, 1929, to 
September 1, 1930. 

On page 118 it presents a list of the projects which are now being con- 
sidered by the American Standards Association and in which the railway 
associations have representatives who are cooperating. 

The Committee presents its report as information and invites discussion, 
and I trust that the other members of this Committee, all of whom are chair- 
men of standing committees of the Association, will present their views. 

The President: — ^The subject matter of this Committee is very important 
to the Association and to the country. It is in no sense spectacular but it 
is no less important. Is there any discussion of the Committee’s report? 

Mr. R. T. Scholes (Chicago, Burlington & Quincy) : — should like to ask 
the Chairman whether the question of the metric system has been brought 
before the Committee. 

Chairman J. C. Irwin: — ^I believe the metric system is under study by a 
different body. The question of the use of the metric system is not up in 
the American Standards Association, but there is the American Institute of 
Weights and Measures, in which Mr. P’aucette represents the American Rail- 
way Association- We have no report to present on that. In fact the subject 
is not being considered in the American Standards Association at the present 
time. 

The President: — Is there any further discussion? 

Chairman J, C. Irwin: — ^The Committee recommends that this report be 
received as information. 

The President: — ^There being none, it is so ordered, and the Committee 
is relieved with the thanks of the Association (Applause). 



DISCUSSION ON STRESSES IN RAILROAD TRACK 

(For Report, see pp. 205-206.) 

Dr. A. N. Talbot (University of Illinois) : —Mr. President; The report of 
the Committee on Stresses in Railroad Track is found in Bulletin 330, page 
205. It is a report of progress of the work done during the last year. 

A year ago the Committee made its Fifth Progress Report on the subject 
of stresses in track, a report which had considerable length in printed pages 
and in words, and I hope also in ideas. This report summed up several years* 
work in both laboratory and field. 

This Fifth Report presents for the first time a discussion of the way in 
which a rail-joint acts in track, tells something of its properties, something of 
the requirements of a satisfactory rail-joint. The Committee felt when dis- 
cussing the report that a summary at the end was needed, but when the at- 
tempt was made to write out a summary it was found that a summary involved 
very many of the pages that had gone before; a brief review was made up, 
which was held down in some way to 7 pages. People who have read parts 
of this report or all of it say that the report requires reading, rereading and 
restudying, as may be expected in a new and complicated subject. Although 
not to ^e considered comprehensive, it is the first study approaching thorough- 
ness on the subject of the rail- joint. 

All of the tests on rail-joints reported in the Fifth Progress Report were 
made by static loading; no tests were made at train speeds. It was felt that 
certain of the conclusions should not be taken as established until tests were 
made to find stresses developed with trains in motion. The difficulty had been 
that no instrument applicable to the rail-joint in track and recording the 
stresses developed under such conditions was available for use. Within the last 
year, however, we have made use of an instrument developed by the Westing- 
house Electric & Manufacturing Company, called the magnetic strain gage, 
which does permit of the measurement of these stresses at train speeds at points 
on the joint bars (with certain limitations), as well as upon the rail, and also 
the changes in tension in track bolts. 

During September and October, 1930, a staff of the Committee partici- 
pated in tests on the Pennsylvania Railroad near Wilmington, Delaware, with 
the engineers of the Westinghouse Company in making measurements of the 
stresses in rail-joints and in rail at low, medium and high speeds. These tests 
were carried out primarily to determine the action of certain new electric 
locomotives of the Pennsylvania Railroad. With the electric locomotive, 
speeds as high as 100 miles an hour were used. With steam locomotives, 
speeds as high as 90 miles an hour were used. 

The results of the tests on rail are being worked up by the Westinghouse 
Company. I do not know whether the results arc in shape for conclusions to 
be drawn. The general impression is that so far as average stresses in base of 
rail under all the wheels at a given instant are concerned, the effect of increase 
in speed was not very great, and that the principal source of maximum stress 
is the transfer of weight from one wheel to another of an axle or from one 
wheel to another in the length of the locomotive or car. This transfer of load 
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from wheel to wheel, of course, is one source of increase in stress. It does not 
consider the increase of stress under all the wheels as an effect of speed on the 
average of all the stresses for a large number of runs due to other causes. Of 
course, I am speaking now of stresses that are due to balanced loading and not 
to imperfect counterbalancing. 

On the joint bats (angle bars and other forms of joint bars) the instru- 
ments are placed at such points as may be practicable, both at the top of the 
bar and at the sides, both at mid-section and at different distances along the 
length of the bar. The measurement of stress in the joint bars was made at 
speeds up to 70 miles an hour, and in a few instances at 90 miles an hour. 
Time was an important element in the conduct of the tests, and no need was 
felt for many tests at speeds higher than 70 miles an hour. 

The test results are being worked up. The work has not been carried 
sufficiently far to enable definite conclusions to be drawn, but in a general way 
it may be said that the action found in the track under speeds, even at these 
higher speeds, is very similar to that found in static loading in track and in 
static loading in the laboratory reported in the Fifth Progress Report. The 
stresses in joint bars have only a moderate amount of increase with speed, not 
more than had been expected. There are not enough data, not enough runs, 
to state a conclusion finally, however. 

In regard to bolt tension, it will be remembered that in the Fifth Progress 
Report of last year the Committee cautiously made a statement concerning the 
results of the tests made under static loading, that only a moderate change in 
the amount of tension in a bolt of a rail-joint is to be found upon its being 
loaded and unloaded and loaded again, as between the unloaded condition and 
the loaded condition, and that more generally the change is a decrease in ten- 
sion of the bolt but that in some bolts small increase occurs. The amounts of 
these changes were of the nature of 1500 pounds tension change, increase or 
decrease, or even 2,000 pounds, but generally smaller than those values. These 
conclusions were not in accord with the results given in E.xhibit A attached to 
the report of the Committee on Rail for the same year, and it was considered 
important to determine whether the large increases there reported occur. All 
the tests at train speeds, recently made by the Committee, even at the speed 
of 70 miles an hour, give results similar to those obtained by static loading 
reported in the Fiftii Progress Report and have about the same quantitative 
changes in tension — changes of 500 pounds, 1,000 pounds, 2,000 pounds. And 
generally the changes were decreases. So it is to be expected that the change 
in tension in a bolt upon loading is not great and its effect relates to the twist- 
ing and lateral bending of the joint bar and its deflection rather than to slipping 
with regard to its bearing at the fishing surfaces. The conclusion, it seems to 
me, is important, since it defines the purpose of bolt tension. One purpose of 
bolt tension in an angle bar is to keep the bar restrained in some way rather 
than to keep it from slipping and wearing. The bolt tension needed does have 
an effect, of course, upon the size of the bolt to be used, especially as to 
whether the adoption of larger rails require the use of larger bolts. 

In the laboratory, tests have been made with various types of joints, mak- 
ing accurate measurements to find the amount of vertical movement between 
rail and bar, the vertical bending of the bar, the lateral bending of the bar at 
top and bottom, in an effort to see what differences there may be with different 
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types of joints. We are also working to find the effect of length of the bar 
when a load is moved over the length of the bar. 

It had been expected last season that more extended tests would be con- 
ducted at other points on railroads, but in this, as in other things, business 
conditions made postponement necessary. It is now planned to carry on tests 
in two or more places the coming season, in addition to the work to be done 
in the laboratory. A considerable amount of work on rail- joints remains to 
be done to cover points at issue. It is hoped that further tests will give infor- 
mation of value. 

The President: — I am sure that Dr. Talbot will be glad indeed to answer 
any questions which interested members might wish to put to him, or welcome 
any discussion of this subject. 

Mr. Edwin F. Wendt (Consulting Engineer) : — ^I desire to make a few 
general remarks which are applicable not only to the work of this^ Committee 
but to the work of all of the Committees of this Association. We heard the 
report of the Committee on Standardization and the Committee on Stresses in 
Track and their reports suggest remarks which I am about to make. 

The Transportation Act of 1920 provides for the consolidation and unifica- 
tion of railroads into a limited number of compact systems. Recently the 
principles underlying that act have been questioned. 

While our Association has nothing to do with the political phases of any 
movement, we are interested in this question as to whether the unification of 
railroads into a limited number of systems such as twenty is justified on llic 
grounds of economy and efficiency. It seems to me that the work of oui 
Association is a conclusive answer to any question that may arise as to the 
wisdom of the law which provides that consolidations and unifications may be 
made under the approval of the federal regulatory body. So long as we have 
a large number of railroad properties under independent operation we cannot 
hope for the economies which will come following the unification which is pro- 
vided for in tlie Transportation Act of 1920. 

I make these remarks because I think this is a peculiarly appropriate timt 
for engineers, not only as engineers but as citizens of this country, to study 
this question. The economies which have been pointed out heretofore by our 
various Committees, are one of the many answers which may be made to any 
criticism that is offered upon the Transportation Act. 

The President: — ^Is there any further discussion? If not, the report will be 
received and the Committee relieved with the hearty thanks of the Associa- 
tion (Applause) . 



DISCUSSION ON UNIFORM GENERAL CONTRACT 

FORMS 

(For Report, see pp. 107-111.) 

Mr. J. C. Irwin (Boston & Albany)*: — The report of this Committee is 
very short. As I am retiring as Chairman but not from membership of this 
Committee, I hope you will pardon me if I take one minute to testify to the 
splendid service of one of our senior members. I refer to Mr. C. A. Wilson, 
who is a Charter Member of this Association, and is No. 9 on its list of mem- 
bers. For 22 years he and I have worked together on this Committee and I 
wish to acknowledge his sound judgment, his absolute fairness and his earnest 
work for this Committee and for the Association. Another of the older mem- 
bers is Professor C. Frank Allen, Massachusetts Institute of Technology, whose 
skilled assistance we have had for 19 years. 

This is a tribute but not an obituary, because both of these men are still 
active members of the Committee. 

The report of this Committee will be found in Bulletin 329, page 107, with 
the outline of work and then the action recommended. 

The details of the report will be presented by the respective Sub-Com- 
mittee Chairmen. On the first Sub-Committee, Mr. Charles Silliman, Chair- 
man, is absent, and Mr. F. H. Fechtig will present the report. 

(Vice-President J. V. Neubert assumed the chair.) 

Mr. F. H. Fechtig (Atlantic Coast Line): — Sub-Committee No. 1 has 
taken up Cost-Plus Methods in Construction Contracts. I do not suppose that 
you will care for me to read it all, as it is fully shown on page 108. 

“The Committee presents such a modification in the provision for a Cost- 
Plus a Stated Sum with Adjustments for Varying Conditions,” and we thought 
it well to call your attention to it. 

“The Committee points out that the use of the term ‘Fixed Fee* where 
changes in the fee are provided for in the contract is an incorrect use of the 
term and is apt to be misleading.” 

The balance of this report is shown on pages 108 and 109. It is so full 
that it would take quite some time to read it and I presume you do not care 
to have it read. The conclusions are: 

“Where limitations in the strictly Cost-Plus Percentage basis are desir- 
able, the Committee recommends as best practice that the agreements take the 
form of: 

“(a) Cost-Plus-a-Fixed-Fee. 

“(b) Cost-Plus-a-Stated-Sum with Adjustments for Varying Conditions. 

“The Cost-Plus-Fixed-Fee form should not be used where there is a 
likelihood of there being any change in the amount or conditions of the work 
involved. 

“Instead of rewriting the adopted form of Cost-Plus Percentage Construc- 
tion Contract as printed in A.R.E.A. Manual for 1929, provision can be made 
for desired limitations by the attachment of an appendix to the standard form. 
It submits as suggestions for such the following: Appendix I — Cost-Plus-Fixed 
Fee, and Appendix 11 — Cost-Plus-a-Stated-Sum with Adjustments for Varying 
Conditions. 
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These two appendices are shown on pp. 109 and 110. 

Chairman J. C. Irwin: — You can look it over; probably those who wish 
to discuss it have already done so. After permitting time for scanning, we 
shall present our recommendations. 

Vice-President J. V. Neubert: — Proceed. 

Chairman J. C. Irwin: — I move that Appendix I and Appendix II, as pre- 
sented on pages 108, 109 and 110, be accepted by the Association and adopted 
for printing in the Manual. 

Vice-President J. V. Neubert: — Are there any questions or remarks? All 
in favor say “Aye.” Contrary? It is carried. Proceed, Mr. Irwin. 

Chairman J. C. Irwin: — ^The next report will be that of Sub-Committee 
No. 2, to be presented by Mr. F. L. Nicholson, Chairman of the Sub-Com- 
mittee. 

There is another reference, if I may revert to the previous report, in re- 
gard to the Cost-Plus modifications in Percentage Construction Contract. Just 
after coming into the room this morning a discussion was presented in writing, 
coming from Mr. G. S. Fanning, Chief Engineer of the Erie Railroad. He 
suggested that instead of using the term “basic,” which we have used and 
which by the way is used in the Pennsylvania Railroad standard form, wc 
should use the term “basic estimated cost.” I really think that on account of 
the way it is used the word “estimated” is assumed to be there, because it re- 
fers to the estimate. 

Another suggestion was that we call this a “Contract for Cosl-PIus-a-Vary- 
ing-Fee.” These criticisms have not come in time to be considered in the Sub- 
Committee or the Committee, although the matter has been up for over two 
years. You can readily see that it is impossible for us to pass on or suggest 
any changes of this kind at this time, where after two years of study wc arc 
coming up and making a recommendation. Therefore, I should like to record 
the interest of Mr. Fanning in the subject, but I am not in a position to ask 
for any changes in the recommendations for adoption in the Manual. That, 
of course, may be considered in connection with revision of the Manual for 
future years. 

There is one subject that I should mention, that is, one of the assignments 
for Sub-Committee No. 1 which I overlooked. That was the study of Special 
Forms of Contracts for Maintenance-of-Way Work. 

A very extensive questionnaire was sent out and answers received in re- 
gard to the value of a special form of contract for maintenance-of-way work. 
There was practically no interest shown in it. All replies indicated that the 
standard form of contract, the Recommended Practice form for Construction 
Contract would serve, and the recommendation of this Committee in connec- 
tion with this subject is that no special form of contract for maintenancc-of- 
way work is necessary and that none be recommended for publication in the 
Manual. 

Before departing from this subject, I move that this be accepted as in- 
formation and that the subject be discontinued. 

Vice-President J. V. Neubert:— If there is no question on that matter, the 
Committee on Outline of Work will handle that subject. Does Mr. Fanning 
want to make any remarks? 

Mr. G. S. Fanning (Erie) : — ^No remarks. 
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Mr. F. L. Nicholson (Norfolk Southern)-: — ^This subject is: “Form of 
Agreement for the Purchase of Electrical Energy in Large Volume (such as 
Required for Traction Purposes, collaborating with Committee XVIII — ^Elec- 
tricity.” 

The subject assigned to the Committee we feel is of great importance and 
we are proceeding slowly. The Committee has prepared a tentative draft of 
the form but it is not at the present time in shape for presenting to the 
Association and our recommendation is that the subject be continued. 

Chairman J. C. Irwin: — The next is the report of Sub-Committee 3, as 
shown in Appendix C, page 111, to be presented by Mr. W. G. Nusz, Chair- 
man of the Sub -Committee. 

Mr. W. G. Nusz (Illinois Central): — The Committee assignment was to 
prepare a Form of Agreement for the Organization and Operation of a Joint 
Passenger Terminal Project, collaborating with Committee XIV — ^Yards and 
Terminals. 

Your Committee reported progress at the 1930 convention and submitted 
at that time a preliminary draft of the Form of Agreement for the Organiza- 
tion and Operation of a Joint Passenger Terminal Project, for criticisms and 
suggestion. 

A number of very helpful suggestions have been received, during the 
past year, from both the members of the Association and others. 

Your Committee feels that the importance of the assignment is such 
that every effort should be made to obtain as many suggestions as possible 
before a final form is submitted to the Association. At the present stage of 
development it is not considered necessary to reprint the form at this time, and 
your Committee again submits the agreement, as printed in Bulletin 320, for 
information and discussion, and recommends the subject be continued. 

Vice-President J. V. Neubert: — ^If there is no question on that we will 
proceed with the report. 

Chairman J. C. Irwin: — ^You can recognize the importance of this assign- 
ment and also the length of study necessary in order to get it right. We 
have collected information from all the railways in the country interested in 
joint terminals. This Sub-Committee has discussed them and for the past 
two years a draft, consisting of fifty pages of typewritten matter, has been 
under study and revision. This Committee wishes to continue this study dur- 
ing this year at least and we hope that it will be in shape for presenting at 
the next annual convention. Any of you who have suggestions in regard to 
this form, the basis of which was printed in last year’s Proceedings, will help 
the Committee by sending in your recommendations. 

That completes the report of this Committee. 

Vice-President J. V. Neubert: — ^Has Mr. Ripley, of the New Haven, any 
questions to ask or comments to make in regard to this report? 

Mr. H. L. Ripley (New York, New Haven & Hartford) : — ^The Yards and 
Terminals Committee have been in close touch with this Committee through- 
out the proceedings. They have made their recommendations. The original 
outline or suggestion for this work came from the Yards and Terminals Com- 
mittee, not in the form of a contract form, but more nearly perhaps as a 
declaration of principles. The two committees have worked in close coopera- 
tion and I think in close harmony. I expect that when this Committee reaches 
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its final draft of a form for the general contract it will follow that the Yards 
and Terminal Committee can accept it. 

Chairman J. C. Irwin: — I will say in reply that this is practically the 
work of the two committees. As Mr. Ripley says, it was originated by the 
Yards and Terminals Committee by submitting the elements of a suitable agree- 
ment. Every move that has been made by Committee XX — Uniform General 
Contract Forms, has been referred to the Committee on Yards and Terminals, 
and their views have been brought together before any action was taken. 

Vice-President J. V. Neubert: — Are there any other questions. If not, 
the Committee is excused with the thanks of the Association (Applause) . 

Mr. G. S. Fanning (Erie) by letter: — On the form of contract for Cost- 
Plus-a-Stated-Sum with Adjustments for Varying Conditions, there has been 
some comment from members of our staff on the term “Basic Cost,” as it is not 
really a cost but an estimate. It is suggested that this estimate be termed the 
“Basic Estimated Cost.” The final revision of this “Basic Estinoiated Cost” is 
referred to under (d) of the proposed Section 42 as the “revised Basic Cost,” 
in the second line of the first paragraph, and as the “final Basic Cost” in the 
second line of the second paragraph. 

The purpose of this form of contract, which I prefer to call a “Cost 
Plus a Varying Fee” contract rather than the long title used by the Committee, 
is to provide an incentive for the contractor to keep down the cost of the 
work. It is, in my opinion, the best form of Cost-Plus contract that there is. 
Cost-Plus-Percentage provides an incentive to run the cost up and Cost-Plus- 
a-Fixed-Fee provides no incentive for anything. Our experience with this form 
of contract, which has been somewhat extensive, has indicated the necessity to 
separate the plant rental from other costs. Plant rental is a wonderful way 
for a contractor to make a profit, if things arc not going so well in other 
directions. Our practice has been to set the plant rental up for the whole job 
as a fixed amount to be paid the contractor, which does not vary, except 
where conditions beyond the control of the contractor require the retention 
of plant on the job for a longer period than was figured on in establishing the 
fixed amount. The estimated plant rental is kept separate from the “Basic 
Estimated Cost” and the actual plant rental costs are kept separate from the 
actual cost and are not used in the computation of the fee. 

While we have fiad considerable e.xpcrience with this form of contract, 
none of it leads us to the thought that it is a particularly desirable form. The 
contractor can always find many reasons why he should be paid the full basic 
fee when the costs exceed the “Basic Estimated Cost,” but I have never 
found any of them ready to argue that the fee should be restricted to the 
“Basic Fee” when, through some happy circumstance for which they were in 
no way responsible, their costs were less than the “Basic Estimated Cost.” 
Furthermore, I have never found that this form of contract can be made to 
work on a competitive bid basis. 

In spite of its faults, for most of which the contractors are responsible 
and as a result of which they are the chief sufferers, I have yet to see any 
method of letting contracts which is as satisfactory as the Lump-Sum or 
Unit-Price contract, awarded after competitive bids from selected, qualified 
contractors. 



DISCUSSION ON CLEARANCES 

(For Report, see pp. 95-98), 

(Vice-President J. V. Neubert in the chair.) 

Mr. A. R. Wilson (Pennsylvania) .-—This Committee report is found in 
Bulletin 329, page 95. 

Your Committee respectfully submits the following as its report: Clear- 
ances diagram for Bridges and Tunnels, Fig. 1. Clearance diagram for Build- 
ings and Sheds, Fig. 2. Clearance diagram for Warehouse and Enginehouse 
Doors, Fig. 3. Clearance diagram for Platforms, Fig. 4. (a) The clearances 

on straight track shall not be less than those shown, (b) On curved track 
the clearances shall be increased to allow for the overhang and the tilting of 
a car 80 ft. long, 60 ft. between centers of trucks and 14 ft. high, (c) The 
superelevation of the outer rail being in accordance with the recommended 
practice of the American Railway Engineering Association, (d) The distance 
from top of rail to top of ties shall be taken as 8 inches, (e) Legal require- 
ments to govern when in excess of dimensions shown. The information con- 
tained in this report pertaining to Buildings, etc., as shown in Fig. 2, 3 and 4 
was developed by Committee VI — Buildings. 

As to assignment covering clearances as affected by half-through intertraci 
girders and other structures; representatives of this Committee and the Car 
Construction Committee, A.R.A., have issued a questionnaire covering the out- 
line of a proposed standard box car, information covering which when re- 
ceived will enable your Committee to more intelligently prepare the diagram 
as covered by this assignment. As the replies to the questionnaire are incom- 
plete, this subject will not be reported at this time. 

Since the publication of this report, the Committee has received several 
criticisms affecting the clearance diagram for Platforms, Fig. 4. As the Build- 
ings Committee have not had an opportunity to develop this subject to com- 
pletion and make final report at this time, it is our desire to withdraw Fig. 4 
and any reference to it in our report. 

There have been handed to us this morning comments by Mr. H. F. King, 
Special Engineer of the Erie Railroad; Mr. E. T. Johnston, Special Engineer, 
Mr. Benjamin Elkind, Chief Draftsman, of the same company. These com- 
ments seem to cover in part this Fig 4. However, I shall read the comments 
by Mr. H. F. King. 

“I have gone over the report of Special Committee on Clearances and 
believe their diagrams are satisfactory, with the exception of the high platform 
serving refrigerator cars. This platform is shown as 3^8" above top of rail. 
We experienced trouble at Pier 9 and also at other points, due to the fact that 
not all doors on refrigerator cars would dear this height of platform, so we 
reduced the height to 3'6", and are using that height for all platforms that serve 
refrigerator cars. , . , , 

“In this matter of clearances, it seems to me that some agitation should be 
started, possibly by the Association, to have the public utility commission adopt 
the A.R.E.A. Standard. 1 have in mind particularly the Utility Commission of 
Ohio, where the present regulations covering clearances is working a. hardship 
on all the railroads in the state. I do not know if the Association would back 
a thing of this kind, but it might be well to determine what stand it would 
take.” 
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The comments by Mr. E. T. Johnston, Special Engineer, are as follows: 

“These clearances, I believe, are proper, with the exception of the platform 
height for refrigerator cars, shown in Fig. 4, page 9S, Bulletin 329. 

“It does not seem proper to show this dimension (3'-8") on a clearance 
diagram as it obviously has no effect on clearances, the maximum height for a 
platform S'-Q" from center line of track being shown on the sanae diagram as 
4^ In the case of an inspection platform it appears to be too high (3'3" was 
used at Buffalo where some subsidence of the service tracks was expected). I 
would therefore recommend that this dimension be eliminated from the diagram 
as irrelevant.” 

The comments by Mr. Benjamin Elkind are all in reference to the Com- 
mittee’s comments as to the height of platform affecting refrigerator cars. The 
following comments also refer to the height of platform affecting refrigerator 
cars and are submitted by Mr. C. D. Horton, Assistant Engineer in Charge of 
Clearances: 

“Paragraph (2), page 95, Bulletin Vol. 32, 329, states that allowance be 
made on curved track for a car 80 feet long, 60 feet between centers of trucks. 
This, in my estimation, is not enough. It is not out of the ordinary to handle 
loads longer than this. Allowance should be made for loads placed on three 
40“ft. flat cars, or a load 120 ft. long. Such a load properly bolstered would 
be approximately 8S ft. between bolsters or bearings. Therefore, my belief is 
that paragraph should read as follows: 

“*(2) On curved track the clearance shall be increased to allow for the 
overhang and the tilting of a car or load 120 ft. long, SS ft. between centers of 
trucks or bearings of load and 18 ft. 6 in. high.’ 

“Paragraph (d). I assume the 8 inches between the top of rail and top 
of tie is to offset the gradual increasing height of rail and thickness of tie 
plates. This, I believe, has an advantage in overhead clearances, but in plat- 
form heights its effect is the opposite. The distance between these two planes 
should not be mentioned, as the controlling distance is only from top of rail 
to top of platform. It will be several years before rail 8 inches high will be 
used in sidetrack construction. The use of tie plates on tracks where refrigera- 
tor cars are spotted is, in my opinion, poor practice, due to deterioration of 
the plates by brine drippings. Without plates none of the eight inches re- 
ferred to would be taken up. 

“My idea would be to place platform the proper distance above top of 
rail regardless of type of rail to be used, making no mention of distance be- 
tween top of tie and top of rail. The adherence to a specified distance would 
necessitate shimming of rails. The gradual increase of heavict rails for side- 
tracks would be offset by the gradual decrease of the floor heights of cars 
v/hich would tend to keep the distance between top of rail and platform the 
proper height without disturbing the elevation of ties. 

“Regarding Fig. 1, page 96. The clearance line of top angle is shown as 
beginning 16 ft. above top of rail. If this began at 18 ft. above, an additional 
12 inches in width is gained at a 19 ft, height. This would necessitate 45 de- 
grees bracing on bridges in place of the 33 degrees as suggested in Fig. 1. The 
cost of the increase in the weight of upright members in bridges would, 1 be- 
lieve, be offset by the advantage of greater clearances. 

“The additional clearance gained by this would permit much larger load 
in case of increased track centers, which is a future probability. 

“(‘Mr. Horton may be looking too far into the future. On the other 
hand, I do not -think that the proposed standard looks far enough. Our stan- 
dard on the Erie for this carries the 8 ft. side clearance to an elevation 17 ft. 
above the top of rail.’-7-G. S. Fanning, Chief Engineer.)” 

The action of the Committee would then read: “That the clearance dia- 
grams, Fig. 1, 2 and 3, and paragraphs a, b, c> d and e be approved and re- 
visions substituted for the present recommendation in the Manual.” 

I move adoption of the recommendation. 



Mr, Edwin F. Wendt (Consulting Engineer): — I desire to make some re- 
marks on a subject which is indirectly related to the work of this Committee. 

The Railway Age and the Engineering News-Record, among other tech- 
nical journals, have recently called attention to the great diversity in the clear- 
ance requirements of the Federal Government in connection with the construc- 
tion of bridges over navigable streams and harbors. 

This subject was recently brought to the attention of the American En- 
gineering Council by Mr. C. E. Grunsky of San Francisco, Past-President of 
the American Society of Civil Engineers, and at the present time President 
of the American Engineering Couniil. 

While this subject is not directly under consideration by the A.R.E.A. Com- 
mittee, I think it well to call attention to the fact that the Engineering Council 
has arranged for a comprehensive and general survey to be made. 

We all know that the requirement as to the height of a bridge over a nav- 
igable stream or harbor has a direct relation to the cost of the project and the 
cost of operation of the railroad. It is perfectly astounding as to the different 
requirements that have been prescribed as to the clearances over the various 
streams of our country which come within the regulatory power of the Gov- 
ernment. Any study of projects that not only have been carried out but have 
been proposed for the improvement of transportation facilities in the vicinity 
of our great cities such as New York, San Francisco, New Orleans, and other 
places is sufficient warrant for the initiation of a general survey and study 
which will place within the literature of our profession the facts which are nec- 
essary for the formulation of future recommendations. 

One more word. The American Engineering Council represents 58,000 
Engineers in our country. It docs not conduct any studies that interfere in 
the least with the work of any national engineering association. Its function 
is to represent the entire engineering profession in any and all matters which 
affect the welfare of Engineers, and the study which I have just referred to 
will be conducted largely by member organizations of the Engineering Council 

Vice-President J. V. Neubert: — ^Is there anyone else that wishes to make 
any remarks or discussion? 

Mr. F, R. Judd (Illinois Central) : — ^It occurs to m^ that paragraph (b) 
should be modified so as to provide for structures affected by freight cars 
only. The car mentioned is 60 ft. wheelbase, 80 ft. long. The wheelbase is 
longer than the average freight car. For structures that are affected by freight 
cars only, the paragraph should be modified to provide for a freight car of 
proper length and proper center. 

Chairman A. R. Wilson: — ^I think it undesirable to limit these clearances, 
as it may be necessary to cut out and sidetrack a passenger car, which would 
not be possible if clearances were restricted to freight cars only. 

• Mr. F. R. Judd: — ^I believe we should provide clearances for structures 
designed to accommodate freight cars only, especially where the ground is 
expensive and track connections of that kind may be such as to interfere with 
the operation of passengar cars. 

Mr. G. S. Fanning (Erie) : — I think the clearances where there are freight 
cars operated are apt to be greater than for passenger equipment, particularly 
liiple loads. We had a good many shipments last year of 120 ft. piles from 
the West Coast loaded on three flat cars,, which gave about the worst condition 



718 


Clearances 


you could get anywhere. In fact, we had some trouble with them on 13 ft 
renters. 

Mr. H. L. Ripley (New York, New Haven & Hartford) : — wonder if 
Mr. Judd has taken into consideration that very serious consideration is being 
given to 65 ft. freight cars with a wheelbase approaching the 60 ft. limit. 

Mr. F. R. Judd; — That Ls what I am questioning now. I was wonder- 
ing if there were any such cars under consideration because they haven’t come 
to my attention. 

Mr. H. E. Hale (Presidents’ Conference Committee ) : — 1 had the oppor- 
< unity of discussing with the Chairman, Mr. Wilson, some marked changes in 
equipment, particularly the Northern Pacific engine which is the largest one 
that has come to my attention, 11 ft. 8 in. wide and 125 ft. long. There arc 
remarkable changes going on, and I imagine it is going to be hard for our 
committees to keep in touch with them. 

Mr. Louis Yager (Northern Pacific):— I should like to inquire of the 
Committee whether all of the questions of Joint interest with the A.R.A. 
Mechanical Division have been ironed out in the recommendations that are now 
presented. I notice here they speak of the joint questionnaire on the part 
of the Car Construction Committee. Is it correct that that represents only 
the questions at issue with respect to half-through intertrack girders and other 
structures, and that the other matters have been ironed out, and there is 
agreement in the clearance diagrams that are presented for approval? 

Chairman A. R. Wilson: --The question of standard box car has not been 
concluded with the Mechanical Division. Is that your question? 

Mr. Louis Yager: — ^Then the interest of that Committee is satisfied in 
these clearance diagrams? 

Chairman A. R. Wilson: — As far as I understand, yes. The outline of 
the box car would be well within this diagram. 

Mr. V. R. Walling (Chicago & Western Indiana) : — Do I understand that 
the recommendation of the Chairman of this Committee is to include para- 
graph (d), referring to distance from top of rail to top of ties to be taken as 
8 inches. I presume the Committee has good reason why they think it fs 
desirable to include that. As far as I am concerned, I do not see the neces- 
sity of it. It seems to me it might be somewhat confusing. I should think 
it might be well to withdraw that unless there is good argument for including it. 

Chairman A. R. Wilson: — ^It is particularly desirable to know what to 
use for the height of the rail. The Committee felt 8 inches would be a figure 
we could use without getting into difficulty. It is particularly true with re- 
spect to Fig. 1. 

Mr. C. W. Baldridge (Sajita Fe) :— In the Committee meeting in which 
this 8 inch measurement, which has been challenged, was considered, we in- 
vestigated the Manual. I think if you wfil look in the Manual you will find 
that the Committee on Iron and Steel Structures have already specified that 
the height of rail when not otherwise indicated would be taken as 8 inches, and 
that figure is already in the Manual. 

Vice-President J. V. Neuhert: — ^Is there any other discussion? Are you 
leady for the question? That is, that Diagrams 1, 2 and 3, and paragraphs a, 
b, c, d, and e be adopted and printed in the Manual. 

(The motion was put to a vote and carried.) 

Chairman A. R. Wilson: — ^This completes our report. 
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Vice-President J. V. Neubert: — ^Are there any other questions to be asked 
this Committee? This Committee in personnel is small, but in my estimation 
in stature they are strong. They have some very interesting problems, especial- 
ly with the Mechanical Division of the A.RA. (I happen to be on this Com- 
mittee), particularly as regards clearances of the large-size box car that ihey 
liave under consideration. I think one of the greatest factors we have to con- 
tend with to-day is the clearance of our various properties. That is particular- 
ly true of the Eastern territories where clearances are more confined than in 
the Western territories. 

If there are no more remarks, the Committee is excused with the thanks 
of the Association (Applause). 


DISCUSSION ON ELECTRICITY 

(For Report, see pp. 321-323.) 

(Vice-President J. V. Neubert in the chair.)* 

Mr. D. J. Brumley (Illinois Central) : — Unfortunately, the Chairman and 
Vice-Chairman of this Committee are not present this morning. The Com- 
mittee has thirty-one members, but unfortunately the representation is reduced 
to Messrs. Vandcrsluis, Winship and myself. 

The Electricity Committee's report appears in Bulletin 332 at page 321. 
The work of the Committee is briefly summarized under the heading of seven- 
teen Sub-Committees. It might be well for us to take the time to review very 
briefly the activities of each of the Sub-Committees contained in this Com- 
mittee report. 

First is Revision of the Manual. The Committee has completed specifica- 
tions for black varnished cloth tape, straight and bias cut, both of which were 
approved for publication in the Manual of the Electrical Section, and also 
recommended practice for the protection of tracks used in the loading or un- 
loading of inflammable liquids from danger of fire caused by electric sparks. 
This was approved by the Electrical Section and ordered published in the 
Section Manual. 

Second, the subject of inductive coordination is an exceedingly important 
one as it involves the interests of railroads and power supply. No conclusion 
is reached on this Committee’s work until further cooperation is had with 
other organizations interested in the subject. 

The third Committee’s report is that on power supply. This Committee 
is divided into three sections; giving consideration, first, to steam power 
available for traction and general power purposes; second, water power avail- 
able for traction and general power purposes; third, internal combustion engine 
power supply. 

I might say in this connection that the details of the Electrical Section 
report are published in Bulletin 328 of August, 1930. Those of you who are 
interested in more of the details than appear under the Electricity Com- 
mittee’s report of the A.R.E.A. should refer to Bulletin 328. 

The chief objects of the Power Supply Committee are, first, to study and 
classify electric power requirements for the railroads; second, to acquaint the 
railroads with the major sources of power supply; third, to study methods of 
production and distribution for utilization on railroads and other industries. 
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The Power Supply Sub- Committee made a rather extended report, and I 
should like to take time enough to direct your attention to a few essential 
features. Power supply information was obtained from a number of sources. 
The departments in Washington furnished a great deal. Information of a 
similar character was obtained from authorities in the Dominion of Canada, 
and also from the National Electric Light Association. As an indication of 
the importance of the power industry and. railroads as well, the National Elec- 
tric Light Association reports information of this sort: Total horsepower per 
establishment in 1904, 62; in 1927, 203, an increase of 61 per cent. Total 
horsepower per wage earner in 1904, 2.5, and in 1927, 4.7, an increase of 45 
per cent. They have made other comparisons which indicate the importance 
that power has taken in all forms of industry. 

The Power Supply Committee’s report contains five exhibits. Exhibit A 
shows the capacity of generators installed in public utility power plants in the 
United States, and indicates that in 1927 the total output was 126,789,000,000 
kilowatt hours, and for the United States and Dominion of Canada a total 
of 128,233,402,000 kilowatt hours. 

Exhibit B is a graph which shows the rapid growth of installing hydro- 
electric and steam generating plants in the United States. In 1921 the total 
energy generation was 41,000,000,000 kilowatt hours, and in 1928 the total 
generated was 128,000,000,000 kilowatt hours. 

Exhibit C is a graph which shows the relationship of the different forms of 
primary power. It appears that in 1929 water power consisted of 13,000,000 
horsepower; internal combustion engine power, 3,000,000 horsepower, and 
steam power 50,000,000 horsepower. It is apparent from this that steam gen- 
eration is very much more important than either internal combustion engine or 
water power. 

Another very important and interesting development was the greater 
ejB&ciency in the more modem and newer installed generating plants. This is 
evidenced by the fuel consumption per kilowatt hour. In 1902 the average 
for all stations was 6.2 pounds of coal per kilowatt hour. In 1919 the coal 
consumption had been reduced to 3.2 pounds per kilowatt hour. In 1929 the 
coal consumption per kilowatt hour was 1.7 pounds of coal. 

Another exhibit was furnished by this Committee which shows the use of 
electrical energy in the operation of railroads. I think it would be well for 
you gentlemen to refer to Bulletin 328 and look that table over sometime at 
your leisure. 

There are other points in connection with the Power Supply Committee 
to which I should probably draw your attention. That is the general im- 
provement in the design of central station plants, as you all very well know. 
Not only has the size of the units of these plants increased very materially — 
now with single units of 160,000 kilowatt capacity — ^but there is now in con- 
templation the installation of plants with single units of 400,000 kilowatt 
capacity. 

Furthermore, steam pressures which not many years ago were considered 
high at about 300 pounds - have been supplanted with steam generating plants 
with steam pressures of 1200 to 1400 pounds, and high temperatures too, 
750 to 800 degrees Fahr. Stations are now under design with steam pressures 
ranging from 2500 to 3200 pounds, so the end is not reached. Furthejinorc, as 
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improvement of the design advances the railroad companies or users of power 
will be able to purchase electrical energy at a lower cost per kilowatt hour. 

One other important matter discussed by the Power Supply Committee was 
the rating of rivers. This was an assignment given the Electricity Committee 
about five years ago to cooperate with other technical organizations in de- 
veloping a standard method of rating water power of rivers. You will find this 
in Bulletin 328, 

The Electrolysis Committee has continued its study of electrolysis and the 
measures taken to mitigate electrolysis in connection with the Cleveland Union 
Terminal and Delaware, Lackawanna & Western electrifications. 

The Committee on Cooperation in Miscellaneous Regulations has con- 
tinued its work in conjunction with other organizations, such as the National 
Electric Light Association, and other similar organizations. 

The Committee has also made a study of overhead transmission line and 
catenary construction. Tentative specifications and work have been prepared 
on copper trolley wire and bronze trolley wire. 

One Committee of the Electrical Section is co-operating with Committee 
XVI — Economics of Railway Location as affected by electrical operation. This 
report will be presented to the Association during this session. 

Another Committee has prepared a report on the standardization of insu- 
lating tape, and another on the standardization of insulators. 

A Committee has prepared a report on protection of oil sidings from 
danger due to stray currents. Mr. L. C. Winship, Chairman of that Com- 
mittee, is present and he will present the report. 

Mr. L. C. Winship (Boston & Maine)*: — ^The rules covering the protection 
of oil sidings from danger due to stray currents which are now recommended 
practice were adopted by the American Railway Association in 1924, and deal 
chiefly with protection against stray electric currents. Recent studies and 
developments in the field of protection from danger due to electrical ignition 
of inflammable liquids have indicated the need of a simple method, universally 
applied, for protection against danger from what is now known as static 
electricity. The revision of the current rules offered for approval as recom* 
mended practice provides for such protection. 

This revision also provides for certain minor changes in the rules which 
appear desirable. These changes are a re-wording of the designation of the 
Committee; the omission of the 30-degree Fahr. flash point in the description 
of inflammable liquids ; the omission of reference to the temporary flexible con- 
nection between the car and pipe system and the omission of reference to the 
non-metallic hose. 

These arc the main features of the change in the existing rules. The first 
section of the proposed rules deals with the. universal protection against static 
electricity. It is worthy of note that this Sub-Committee has worked with a 
similar Committee of the American Petroleum Institute and that the rules 
proposed show an almost complete agreement between the two committees. 

It may also be of interest that the further work of this Committee will 
have to do with the preparation of rules for protection in the handling of 
inflammable liquids as used for rail coaches and buses, a subject which has 
not received much attention on the part of the railroads but has received very 
marked attention on the part of the American Petroleum Institute. 
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Past-President D. J. Brumley: — Committee No. 12 prepared specifications 
for track and third-rail bonds. 

Committee No. 13 is making a study of illumination, one of them being 
the floodlighting of railroad yards. It is likely that in the near future this 
Committee will be in position to submit a detailed report. 

Committee No. 14 is considering the design of indoor and outdoor sub- 
stations. The report made last year covers substation insulation, working 
clearances and relay protection. 

Committee No. 15 is making a study of high tension cables. It is probable 
that very high voltage cables wiU be developed in the near future which will 
permit of transmission lines through cities in underground conduits rather 
than wires carried on pole lines over the streets in the air. 

Committee 16 is making a study of the application of corrosion-resisting 
materials to railroad electrical construction. This Committee has begun a 
series of tests, none of which have been brought to a conclusion, but I am 
quite sure that these tests will show not only information of great interest to 
the electrical industry but also to the railroad industry in general. 

The Electrical Section has a committee on the form for power contract for 
large blocks of power. This in effect is doing work in cooperation with Com- 
mittee XX — ^Uniform General Contract Forms. 

Very briefly that is the report of the Electricity Committee, and is sub- 
mitted as information, 

Mr. Edwin F. Wendt (Consulting Engineer) : — I desire to call the atten- 
tion of the members to a most statesmanlike address recently made by General 
Atterbury, President of the Pennsylvania Railroad System, in which he outlined 
the present and prospective growth of all forms of transportation. He called 
particular attention to the coordination of transportation by rail, by highway 
and buses and in the air by airships. Among other things he mentioned the 
development of the application of electricity to traction and transportation, 
and, as I understand it, the plan now is to electrify all parts of the Penn- 
sylvania Railroad System east of the Susquehanna Valley and as far south 
as the Potomac Yards of the Richmond, Fredericksburg & Potomac Railroad. 

It occurred to me, after reading that address, which, by the way, I call a 
statesmanlike speech because it presents a hopeful view as to the future 
development of transportation of all forms, that this subject of electricity is of 
such great importance that it behooves all Civil Engineers in charge of con- 
struction and maintenance to keep abreast of the times and to anticipate the 
future. 

Vice-President J. V. Neubert: — ^Mr. Wendt, I was just going to make a 
remark on the Committee. Possibly you are not aware that the Committee 
here is three, but in personnel there are thirty-three, exactly. We will in- 
crease or decrease that just exactly the way the Committee may feel. If they 
want it approximately 3000, we wiU be glad to give it to them if they need 
more power. 

Is there more discussion or remarks? If not, this Committee, as I told 
you, is not as small as it appears here, but there are thirty-three. They can be 
increased as they feel satisfied. They are a very fine body in character, ability 
and otherwise. They are excused with the thanks of the Association (Ap- 
plause) . 




DISCUSSION ON GRADE CROSSINGS 

(For Report, see pp. 65-94.) 

Mr. Frank Ringer (Missouri-Kansas-Texas)-: — ^The report of Committee 
IX is printed on page 65 of Bulletin 329. 

The first subject under the head of Revision of Manual is on page 67. 
The A.R.A. Joint Committee on Grade Crossing Protection, on which the 
Construction and Maintenance Section is represented by five members of Com- 
mittee IX, took action on May 14, 1930, recommending the continued use of 
the present standard automatic flashing light and wigwag crossing signals, with 
the following changes and additions. 

I will not read those changes and additions because they are set out on the 
plans which are recommended. The principles, as you will observe from the 
Bulletin, are of such a nature that they involve revisions of the former standard 
plans for signals. 

The American Railway Association at special session held at Chicago on 
May 15, 1930, adopted a resolution as follows: “Resolved that the recom- 
mendations relating to signs and signal devices be recommended as standard 
practice.” 

It was understood by the Joint Committee that the representatives of the 
A.R.EA, and of the Signal Section would cooperate in preparing revised plans 
incorporating these recommendations and would submit them for the approval 
of the A.R,E.A. and Signal Section with a view to their adoption by the A.R.A. 
as standard practice. 

The Committee and representatives of A.R.EA. Committee X, and of 
Committee XII of the Signal Section have prepared revised plans as shown in 
Fig. 1 to 13' inclusive, with accompanying directions. 

Fig. 1, Advance Warning Sign, is identical with Fig. 6, page 664, 1929 
Manual, with addition of directions, no change in the sign itself. 

Fig, 2, the Crossbuck Sign, is identical, no change whatever, the only pur- 
pose being to incorporate it in an orderly way in these plans and change the 
number. It had another number and is shown here as Fig. 2. There is no 
change whatever in the standard as adopted last year. 

Fig. 3 to 6, inclusive, are for wigwag signal, Fig. 7 to 10, inclusive, for 
flashing light. Fig. 3, 4, 7 and 8 are designed for locations at side of highway, 
and Fig. 5, 6, 9 and 10 for locations in center of highway or street. The sign 
showing number of tracks has been added in accordance with the action of the 
Association shown on the plan for Crossbuck Sign, and also the provision for 
bell when required. The alternate reflector and light type stop signs are shown 
for each location. 

It is the view of the Committee in recommending these two alternates that 
the signs “Stop When Swinging” or “Stop on Red Signal” should be used at 
country locations where electric current is not available; and in urban com- 
munities, near towns and other location.*! where commercial electric current is 
available, that the light type Stop sign is preferable. But they are alternate 
and either could be used. 

In addition to the recommendations quoted above the Joint Committee 
at a meeting May 14, 1930, recommended that each flashing light unit be 
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equipped with a backj 2 ;i*ound, and that the minimum vertical clearance of the 
flashing light units or wigwag disc be 7 feel above the surface of the roaitl- 
way, which features arc incorporated in the plans. Otherwise the signals are 
similar to present standards 4, 5 and 7 as printed on pages 662, 66.^ and dh.'? 
in the 1929 Manual. 

The plan for the center of road installation, the layout plan as shown in 
Fig. 13 on page 80, is a revision of l^-ig. 8 of the 1920 Manual to show' 
provision for widening paving slightly in order to give unohstruct<‘d pa.s.sage- 
ways for vehicles at the usual speeds, .as recommended hy the National Safety 
Conference which was held in Washington last year. 

The Committee recommends that the plans for Highway Crossing Signs 
and Signals, Fig. 1 to 13 inclusive, with accompanying directions, he api)r<)ved 
by the Association and printed in the Manual in lieu of the directions and in 
lieu of the Fig. 3 to 8 inclusive appearing in the t>re.sent Manual. 

President Brooke has just handed me a written discussion which I liad 
not seen before, commenting on the report of CJommittee IX CJrade Cro.ss- 
ings, contained in Bulletin 329, submitted hy Mr. Benjamin Klkind, ('‘liief 
Draftsman of the Erie, from which following quotations are taken: 

“Appendix A, Fig. S, 6, 9 and 10, show highw'ay crossing signals for loca^ 
tion in center of the highway. The lack of illuminating the bases is a dan- 
gerous hazard. Would recommend that a light he attached to the signal to 
adequately light up the base at all times. 

Fig. 13, page 80, shows a change of pavement of 200 ft. fnun the center 
line of the outside track for an installation of a signal on the tenter of road. 
This distance appears very long when one. considers that only 7K ft. is pro- 
vided in elimination work, in the state of New York, from the ends of center 
columns to normal width of pavement. If the signals are sufiudently illumi- 
nated, I believe that the distance shown in Fig. 8, pagt‘ 66(), U)29 Manual, 
which is 100 ft. from outside rail to normal width, is acletiuate. 

“Fig. 7 and 9 are flashing light signals with a reflector lens .sign of *5^top 
on Red Signal.’ I assume that the light is tlie signal and operaten and Hashes 
red when a train is in the circuit. The sign suggc.sts other c()lors .an<l 1 believe 
that it affords slight protection to motorists inflicted with color l)Iiu(lnes.s. 1 
suggest the sign should read ‘Stop When Lights Flash’.” 

Of course, there are slight variations suggested in those p1tin.s. I .should 
explain to the Association that these plans wore worked out in conjunction 
with the representatives of the Signal Section. Tt is very largely a signal 
engineering matter, technical, and necessarily these changes represent com- 
promises, a number of compromises, in fact. 

After discussions with the members of the Signal Section C’ommittee, your 
Committee believes that these are the best plaas which can be presented at 
this time and we feel they should be adopted a.s standard, 

At the convention of the American Railway As.sociation which was ludd in 
Chicago last year, they displayed pictures, enlarged views of various kinds of 
highway crossing protection as installed at many crossings in the United States, 
and the lack of uniformity was startling. They displayed almost every kintl 
of a crossing signal one could imagine. It certainly will be a great advantage 
to the driver of th-e motor vehicle driving over the roads of the country if 
wsuch signals can be standardized as rapidly and as much as pos.sil)le. Tt is 
toward that end that the committees, your Committees XX and X, the Com- 
mittee of the Signal Section, and the Joint Committee of the Americim Rail- 
way Association, are working. 
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The I’residcnt: — Will you state the motion again, Mr. Ringer, so it will 
be understood? 

Chairman Frank Ringer:-— It is moved that the plans for highway cross- 
ing signs and signals, Fig. 1 to 13, inclusive, with accompanying directions, 
1)0 approved and printed in the Manual in lieu of the matter now printed in 
the 1029 Manual. 

The Prc.si(lent: -Thc motion is before you, gentlemen. Is there any clis- 
eu.ssion? If not, tho.se in favor of the motion will please say “aye”; contrary, 
“no.” It is carried. 

(diairman Frank Ringer: — The report on Subject No, 2 is printed on page 
81, Ck)mparative Merits of Various Types of Grade Crossing Protection, 
collaborating with Ckjmmittcc X, Signals awl Interlocking, the Safety Section, 
A.R.A., and the Highway Research Board. U will be presented by Mr. J. G. 
Brennan, Chairman of the Sub-Committee. 

Mr. J. G. Brennan (New York Central): — The Committee has considered 
twenty <lifferent t.V[)e.s of highway I'ailroad gra<lc crossing protection, and they 
are so listed in the report. I will not attempt to read each one. It is another 
argument in iavor of .standardization. The Committee recommends that the 
report he reetdved as information. 

'^I'he. Pn'sident; Is there any di.scus.sion ? If not, it will be so received. 

CdKiirmjin Frank Ringer:- -On Subject 3, Kconomic Aspects of Grade Cros.s- 
ing Proteetion in Lieu of Grade Sejjaration, this subject involves the collection 
of eo.st data and the analysis thereof. This Sub-Committee reports progress. 

Subject 4, Methods and Forms for Classifying Highway Cro.ssings of 
Railways and Forms for Recording and Reporting Highway and Railway 
Traftu: Over Highway Grade ('ro.ssings, collaborating with Committee XI — 
Re<*or<ls and Accounts. Mr. Brink, the (dmirman of the .Sub-Committee, is 
absent. 

You will observe from the matter printed on pages 84, 85, 86 and 87 
that the.se are forms. At the last meeting of the (k>mmiUcc, it was felt that 
these forms should be submitted as progre.s.s at this time, and further .study 
be given before recommending for printing in the Manual. They arc offered 
as information, 

'“rUe Presulent: They will be so received if there is no objection. 

Chairman Frank Ringer: Biil)jeet 5, Method for Developing and Evaluat- 
ing Relative Benetlts to the Public and Railways from Grade Crossing Pro- 
tection or EHmlnalion. This subject will be presented l>y Mr, Korsell, Chair- 
man of the Sub-<k>mmittee. 

Mr. A. K. Korsell (C'hiengo, Rock Island & Pacific): — ^Thc subject assigned 
to the Sub Ck>mtnittee is along the same lines considered by the Association in 
1929. The (Committee, after further consideration, has been unable to develop 
and formulate a metliod for evaluating the relative* licncfits from grade cross- 
ing protection or elimination other than the principles previou.sly formulated 
and printod in the Mnmitil. 

U is the conclusion of the Committee that the principles as already 
adopted by the Association and as printed in the Manual embody the proper 
method for developing and evaluating relative benefits to the public and rail- 
ways from grade crossing protection or elimination. 

I move that the conclusion be approved by the Association. 
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Mr. W. M. Ray (Baltimore & Ohio): — ^In the matter of information de- 
sired as to the necessity of the elimination of grade crossings, there arc two 
points or two sets of information that have always to be looked up. One 
relates to the matter of visibility, that is, ability to see .approaching trains, 
and the other is the traffic count. 

It would seem to be valuable if the Committee could make some sugges- 
tion on the basis of the traffic count indicating at what point grade separa- 
tion becomes a serious consideration. In hearings before the controlling com- 
missions, a usual question is, if the railroad company affirms that the traffic 
count does not Justify grade separation, “How much traffic would justify grade 
separation?” 

There are many other considerations that enter into that question, of 
course, but it is suggested that if the Committee could fix some range based 
on traffic count within which consideration of grade separation is proper, such 
information would be useful. 

Chairman Frank Ringer: — ^The Committee will bear that in mind and be 
glad to give consideration to the point the gentleman brings up in next 
year’s study. 

The President: — ^The question is on the adoption of the conclusion at the 
bottom of page 88, Is there any further discussion? 

(The motion was put to a vote and carried.) 

Chairman Frank Ringer: — Subject 6, as printed on page 89, is “Provision 
which should be included in Uniform Statutes Governing Highway Grade 
Crossing Protection or Elimination.” This, we think, is an interesting ivport 
and is to be presented by tlie Chairman of this Sub-Committee, Mr. Blum. 

Mr. Bernard Blum (Northern Pacific) : — In this study the word “elimina- 
tion” is broadly used to include grade separation. Thus far the railways of 
this country have had to bear the burden of meeting grade crossing problems. 
We feel that the time has come, due to changes in conditions, highway traffic, 
the importance of buses and other forms of competition with the railroads, 
that such cost should be divided according to the benefits received and .should 
be governed by definite statutes, these statutes to be uniform and to embrace 
certain broad principles. The increase in highway traffic has brought about, us 
we have said, a new condition. Wc also feel that the railroad commissions in 
the various states are best qualified to act as mediators and pass on the 
different ideas that may come up. 

We have endeavored to set forth a list of principles tliat should be the 
basis of such uniform laws or statutes governing the division of cost and have 
summarized these principles in the conclusions which start in the middle of page 
90 of Bulletin 329, which I shall read: “Statutes governing highway grade 
crossing protection or separation should include the following provisions, (By 
‘Railroad Commission,’ as referred to, it is intended to designate the state 
regulatory body having control over railroads.)- 

“1. The Railroad Commission should have jurisdiction over crossing pro- 
tection and grade separation projects on all public highways. 

“2. The apportionment of expense for crossing protection and grade 
separation should be: 

“(a) For highways forming part of the Federal Aid System, between 
Federal Aid, the Highway Department and the Railroad. 
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“(b) For rounty bifihways, between the county, the state and the rail- 
road. 

“(e) For eity streets, between the city, the county, the state and the 
railroad. 

'rhe Railroad Commission should be authorized and retiuired to 
prescribe uniform warninjj: sipj^ns for use at grade crossings. 

“4. No new grade crossings should he constructed except on order of the 
Railroad Commission folhiwing a hearing. 

“5. 'Phe Railroad C'ommission should be empowered to de'^ignate ‘Stop’ 
crossings and the .statuti‘s .should provide for the creation of .same and penalties 
for failure to stop at .such designated crossings. 

“6. No grade separation project and no new overgrade or undergrade 
cro.ssing should be constructed except with the approval of the Railroad Com- 
mission. 

“7. 'Phe Railroad C<)mmi.s.sion .should pre.^erihe tlu‘ physical charactcrLstics 
for new' crossings with re.spect to approach grade?,, width of approaches and 
planking, etc. 

State Highway Deiiarlments, counties and municipalities should he 
emiiowered to negotiate gra<le separation projects or new crossing projects in- 
volving under or overhead .structures, with railroad compame.s, subject to ap- 
proval of the Railroad Commission.” 

Here, before reading the reeommendalion, 1 will say that the text of the 
report on pages 80 aiul <)0 forms a thesis to bear out. the rea-son for these 
recomnuuidalions. 'Piu* recommendations of the ('ommittec are as follows: 

“The ('ommittee recomnumds that the Conclusions he approved by the 
Association and that the retJorl be submitted to the A.R.A. Joint ('ommittee 
on (Jr.ule C'rossing Frot<‘etion for further action l>y the American Railw'ay 
Association.” 

We make that in the form of u motion. 

The Frej-ident; 'riic f|ue.slion is before you, gentlemen. 7'his is a very im- 
portant subject and I hope that there will be some <U.seas.sion of it. 

Mr. J. V. Neubert (New York (Vntral): On page 01, under paragraph 
7, it .says: “'Phe Railroad t'ornmission should prescribe the physical character- 
istics for new cro.s.'xing.s wdth respect to approach gradc.s, width of api»roaches 
ami planking, etc.” 

I think the wor<l “planking” po.ssihly may be misleading beeaiise there are 
.so many different forms of construction in cros.sings today. 

Mr. Bernard Rlum: I think w'hut the (^unmittee had in mind was that 

if new grade tro.ssings .should be establlslietl through orders of railroad com- 
mi.ssions, the width of the planking that might be rctiuircd on such a cro.ssing 
w<mld be .subject tt> the review of the Railroad (“omnilsHion. As a matter of 
practice, the nulrtwuls and the cities or .statt^ or countie.H would confer ami 
probably work out the problem between them. Rut if any difference of 

opinion ensued, the Railroad (\)mmis.sion woukl have the final say on that 

<Iueslion; also as to the tyiH» of planking that might be required, whether wood, 
concrete or steel. 

Mr. W. b. Roller (('hesapeake & Ohio);--! should like to suggest, un<ler 
paragraph H, that the railroad be inducled as empowered to initiate separa- 
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Mr. O. E. Selby (Cleveland, Cincinnati, Chicago & St. Louis)*:— In the 
conclusions on page 90, No. 2, tlic apportionment of expense for crossing pro- 
tection and grade separation is given, but no mention is made of the proj^ortion 
which each of the bodies mentioned there should pay. Is it to be inferred that 
it is the intention to have the apportionments given here to be equal? If 
that is the case, in (a) you would have the railroads bearing one-third, in (b) 
one-third, and in (c) one-fourth. 

Mr. Bernard Blum: — I may answer that and say no, it was not the inten- 
tion that it should be uniform. As a matter of fact, we have not said here in 
any way how that expense should be divided. That would be the subject of 
Sub-Committee No. 5. The subject of the division of costs was given to No. 
S and they have referred to the Manual which says that the division of ex- 
pense should be evaluated on the basis of the benefits to the respective parties 
at interest. For instance, under (,a), (b) or (c)*, that percentage might vary. 
That is where the Railroad Commission is to come in and act as a qua.si-public 
body to make such division of expense, I do not believe that we would care 
to set forth here any definite percentage that a railroad comi>any should hear. 
In some cases it might be totally unfair to the railroads to bear, for vxamplc, 
one-third. Yet, if we set that forth as a principle which was subscribed to by 
all members of the A.R.A., the railroad in this particular case might be help- 
less. We cannot get away from the benefits that accrue to the individual 
members. 

In answer to the previous speaker, on No. 8, I do not believe, «'is it i.s 
worded, that it prevents the railroad company from initiating i)rojects. It has 
to start out with one party or the other at interest- We started it with the 
public body to negotiate with railroads. I do not believe that the form of 
English of No. 8 as written prevents the railroad company from being the 
initiating unit of such a conference. 

The President: — Is there any further discussion? If not, those in favor 
of the motion will please say “aye.'^ Contrary, “no.” It is so ordered. 

Chairman Frank Ringer; — Subject 7 is: “Specifications for Location, 
Height and Illumination of Signs Protecting Grade Crossings, collaborating 
with Committee X — Signals and Interlocking.” The subject matter of the 
report is offered as information. 

The President: — ^If there is no objection it will be .so received. 

Chairman Frank Ringer: — ^The last subject is “(8) Classification arul 
Forms for Recording and Reporting Highway Grade Crossing Accidents with 
a View to Determining the Relative Extent of Contributory Clauses and 
Merits of Protective Devices, collaborating with Committee X — Signals and In- 
terlocking, XI — Records and Accounts, the Safety Section, A.RA,, and the 
Association of Railway Claim Agents.” 

This subject will be presented by Mr. M. V. Holmes, the Sub-Committcc 
Chairman. 

Mr. M. V. Holmes (Atchison, Topeka & Santa Fe) The work of this 
Committee was carried forward from last year in order to collaborate with the 
bodies designated. As a result of that work, the form on pages 93 and 94 
has been evolved and approved by the other bodies and is now recommended 
for adoption by this Association as recommended practice. It is so moved. 
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The Pivsidcnt: -The motion is before you, gentlemen. Is there any dis- 
cussion? If not, those in favor of the motion will please say “aye”; con- 
trary “no.” The motion is carried. 

Chairman Frank Ringer:— Since the last convention, your Committee has 
lost a very able member and also Chairman of the A.R.A. Joint Committee, 
the late W. J, Towne, Chief Engineer of the Chicago & Northwestern Rail- 
way Company. 

The President; — This Committee deals with a subject which is of great im- 
portance at the prescMil time. They have done o.xccllent work. The Committee 
is relieved with the thanks of the Association (Applause). 

Mr. Benjamin Klkind (Krie)i by letter:— Appendix E and F, pages 88 to 
91; These appendices and also the Manual referred to therein, in connection 
with the element of benellts and the apportionment of cost mentions the rail- 
roads and the public only. A more careful consideration should be given to 
buses and trucks carrying freight. It is apparent that these motor transports 
arc griMitly benent(‘<l by crossing protection or elimination. Avoidance of 
stops, faster schedules and the decrease of crossing hazards and the savings con- 
tingent thereto will increase their earnings. They use the highways for the 
same purpo.s(^s as the railroads use their private right of way. I believe that 
they should be considered as an additional parly to an elimination project. 
Their benefils should be emphasized as well as their non-participation in the 
cost of an elimination. 

Mr, It. S. Fanning (ICrie) by letter:- -Of the twenty types of grade cross- 
ing protection listed, in only one ease, No. 20, is there any indication that any 
of these types of protedion has ever been actually used. It is to be hoped that 
this rei)ori will l)e eonlinued to indicate to what extent any of these various 
devices are in practical use an<l the experience of the users. Rail iiublieations 
abound in manufaelurers descriptions of these various rlevices, but with an 
almost complete absence, of any indication that they are actiKiUy in successful 
use. 

Aiipendix D In the outline of information* to ho obtained at each grade 
crossing, Item lb, the elassificalion seem.s lo be rather strict. I should be 
inclined lo think that the vLsihilily of 1000 ft. both ways along the track within 
a distance of U)0 ft. both ways along the highway from the crossing would 
be considered “good” rather than “fair”, and that anything better than this 
would be “excellent”. 

The summary on page 8(5, which indicat e.« that for each class of highway 
the number of crossings arc to he clas-sified into 39 different classifications, 
seems me to involve a lot of unnece.ssary work. The important classifica- 
tion would seem to he with regard to the type of protection required and as 
to relative necessity for elimination, in determining which a combination (d 
many of the factors listed must be given consideration. 



DISCUSSION ON BALLAST 

(For Report, sec pp. 99-106.) 

Mr. A. P. Crosley (Reading) : — ^The report of Committee II, Ballast, is 
found in Bulletin 329, pages 99 to 106, inclusive. The Committee was assigned 
six subjects. They have reported in the Bulletin upon three. 

The first subject is Revision of Manual. Mr. M. I. Dunn, of the Chesa- 
peake & Ohio, is Chairman of the Sub-Committee and will present the report. 

Mr. M. I. Dunn (Chesapeake & Ohio) This Sub-Committee has had 
several subjects dealing with the revision of the Manual. Special attention has 
been given to proper ballast sections, but the work has not progressed suffi- 
ciently to warrant any recommendations at this time. 

The Committee would respectfully call attention to the fact that in the 
Bulletin sent out showing revision of the Manual, the revised specification for 
prepared gravel ballast has been omitted. This will be covered this year. 
This is submitted as information only. 

The President: — ^It will be so received, if there is no objection. 

Chairman A. P. Crosley: — ^The report on the second subject. Specifica- 
tions for prejiared gravel ballast, including best method 'of testing for hardne.ss, 
abrasion and resistance to weathering, will be found in Appendix A, page 100. 
The Committee has been attacking this problem in two parts: (1) considera- 
tion of requirements and methods of tests for grading and cleanness, and (2) 
consideration of methods of testing and requirements for hardness, abrasion 
and resistance to weathering. 

The first subdivision was reported on at la.st year’s convention and the 
recommendations were adopted. It is proposed to canvass the railroads and the 
producers in localities where gravel ballast is used to determine to what ex- 
tent the specifications are used. 

Considerable preliminary work has been done on the second part of the 
problem in the laboratories of the National Sand and Gravel Association under 
the direction of Mr. Stanton Wallcer and the Iowa State College under the 
direction of Professor W. L. Foster. 

Laboratory tests alone will not permit the fixing of specification limits. 
It is necessary to have the laboratory work supplemented by service records 
of field performance of gravel ballast. Requests for information along these 
lines will be sent to various roads, and it is hoped that tliey will rc.spond with 
as much information as possible on the specific gravels for which information 
is requested, rather than on gravel ballast in general. 

In connection with this report as well as the next one, I should like to 
call the Association’s attention to the fact that Professor Stanton Is connected 
with Carnegie Institute of Technology, Professor Foster with Iowa Slate Col- 
lege, Mr. Stanton Walker with the research laboratory of the National Sand 
and Gravel Association, and Mr. A. T. Goldbeck with the research laboratory 
of the National Crushed Stone Association. These gentlemen have been able, 
through the facilities at their respective places, to do considerable work for 
this Association and this Committee in particular, that wc otherwise would not 
have been able to secure. 
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X should also like to say that some of the railroads have sent in samples 
of ballast as received from the producers, for analysis. These have been of 
assistance. If any roads care to assist the Committee, shipping instructions 
will be given. What the Committee would like to have is samples of ballast 
which for one rca-son or another i*oads feel have not proved satisfactory, so 
that the Committee could determine, if possible, the cause of failure. 

The next subject, Sjjecilications for Stone Ballast, including best method 
of testing for hardne.ss, abrasion, and resistance to weathering, will be found in 
Appendix B, page 101. Mr. tl. M. Righter, Chairman of the Sub-Committee, 
will present the report. 

The President: — Appendix A is submitted as information only If there is 
no objection it will be so received. 

Mr. TI. M. Rigbter (Krie)*: — Your Committee has reviewed the Specifica- 
tions for wStonc Ballast appearing in the 1929 Manual and feels that these 
.specifications should be revised and rearranged. It was felt advisable to 
separate the te.st refiuiromenls from the methods of test. By this arrange- 
ment the test requirement portion could be written directly into the specifica- 
tions of an imlividual railroad and the test methods referred to as those of 
the A.K.K.A. Stnue of the articles have been copied from the old specifications. 
Those revisetl have been rewritten, keepin.g in mind the old specifications and 
conforming to them a.s much as po.ssiblc, making only such changes which the 
Committee fell were an improvement over the old. 

There is one i>oint which the Committee desire.s to have stricken out; on 
page 103, following i^cction 17, there is Note 1, giving typical values for 
physical charucleristic.s of high ciualily .stone. These valuc.s were taken from 
the old specifications as the <k)mmiUee had not had an oppt)rtunity to verify 
them. It was assumed that these valuc.s were determined from experiments 
jjrior to their original adoption. The Committee has made some preliminary 
stiKUes in which they find that the cementing value is decidedly wrong. They 
therefoni iusk tliut the figures shown be stricken out. The Committee docs not 
care to offer substitute figures pemling further investigation, The Committee 
move.s that this specification be adoptetd and included in the Manual. 

The President; -In order that an opportunity may be given to discuss the 
various topi(\4 of the .specifications I .suggest, Mr. Righter, that you .simply read 
each heading as “(Icncral Characteri.stic.s,” etc., and pause after reading the 
heading and give those in the audience a chance to discuss that specification if 
they so desire. 

Mr. U. M. Righter:-- The first heading i.s “General Characteristics.’? 
2, Apparent Specific Gravity and Weight per Cubic Poot; 3, Absorption; 4, 
Toughness; *?, Percentage of Wear; 6, Cementing Value; 7, Soundness; 8, Fre- 
quency; 9, Selection of Samples; 10, Averaging; 11, Place of Tests. Then fol- 
lows the production retjuirements: 12, Size; 13, Handling; 14, Cleaning; IS, 
Defect l^\>un<l After Delivery; 16, Inspection; 17, Measurement. 

Mr, Knink Ringer (Missouri«Kanftas-Tcxa.s ) ; — I would like to ask the 
Committee a (luestion as information as to paragraph 15 and as to the whole 
sixjcification, if it meets the approval of the manufacturers of crushed stone. 

Mr. H. M. Righter;— -We can not say that as a general statement, no. 

Mr. Frank Ringer; — I understood the Committee to say they had had 
discussions with the manufacturers of stone and that some of them had been 
cooperating with the Committee, 
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Mr. H. M. Righter:— It has not had organic consideration, of course, but 
it has had considerable consideration and it probably represents their opinion 
as well as ours. 

Mr, Frank Ringer: — ^The reason I ask about paragraph 15 is I assume of 
course they gave consideration to the equity involved in that paragraph. It 
seemed it might possibly meet with opposition from the manufacturers of 
crushed stone. 

Chairman A. P. Crosley: — In answer to that, Section 15 is copied directly 
from the existing paragraph in the Manual with no change in it whatsoever, 
so that there has been, we have felt, ample time for any objections on the 
part of any manufacturer if he thought he was being dealt with unjustly. 

Mr. J. V. Neubert (New York Central) : — The question raised by Mr, 
Ringer possibly may be summed up in his and other minds. The National 
Crushed Stone Association I believe has a very able member on this Ballast 
Committee, land possibly Mr. Goldbeck, who is very familiar with the entire 
condition, may enlighten us on the question Mr. Ringer asked. 

Mr, A, T. Goldbeck (National Crushed Stone Association) : — I think I 
can answer that briefly by saying that I do not know of any objection having 
been raised by the crushed stone industry. 

Mr, H. M. Righter: — ^The next is Test Methods, 18, Apparent Specific 
Gravity; 19, Weight per Cubic Foot; 20, Absorption; 21, Toughness; 22, 
Soundness; 23, Wear Test; 24, Cementing Value. 

The President:^ — Motion has been made and seconded for the adoption of 
these specifications to replace those now in the Manual. Is there any further 
discussion ? 

(The motion was put to a vote and carried.) 

Chairman A. P. Crosley There is one typographical omission which X 
think is perfectly clear and which, of course, will be corrected in the printing. 
Under 18, on page 103 there should be a C. in parenthesis— (100-110 deg. C,). 
The Fahrenheit is given right before. 

The Committee has also just received a communication from Mr. G. S. 
Fanning, Chief Engineer of the Erie, on this subject, which they will take under 
consideration. 

The next subject is Shrinkage of Ballast. This Sub-Committee expected 
to submit information on the tests which have been conducted, but due to cir- 
cumstances beyond its control was prevented. Your Committee has been 
working on this assignment for the past few years and, as stated at previous 
meetings of the Association, the Committee has been endeavoring to secure 
the assistance of railroads on this subject. This assistance was to be in the 
nature of certain tests on certain types of structure to determine the shrinkage 
of ballast. Some of the roads have responded to the appeal. 

Your Committee has had knowledge of projects on many roads on which 
tests could have been conducted, but for some reason or other the roads did 
not seem to care to undertake these tests. All of the tests now under observa- 
tion will have run out before another meeting of this Association, and it is 
the hope of the Committee to have results available for presentation at that 
time. 

Unless some additional roads come forward and offer to conduct additional 
tests, the Committee will be forced to submit its report and ask for discon- 
tinuance of the subject, feeling that they have done practically all possible on 
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the assipcnmcnt but fully that ihsufficicni data have been obtained upon 

which any conclusions of value could be based. 

The next subject, relative service life of stone, slaK and prepared gravel 
and other kinds of ballast, will be presented by Mr. M. I. Dunn, in the absence 
of the Chairman of the Si ub- Committee who is ill. 

Mr. M. J. Dunn (Chesapeake & Ohio)*: — The Committee has given this 
subject serious consideration. A (lucstionnaire was prepared and sent to the 
railroads. From the replies received, it was evident that little could be hoped 
for, at least for the present, by attacking the .subject in its entirety. The Com- 
mittee, therefore, has asked the Board of Direction to reassign the subject in a 
modified form or as a division of the main subject. It is hoped that by work- 
ing along thi.s line .some valuable information will be obtained. 

The Board of Directiim has assigned the subject as requested, and the 
a.ssignmenl now stands for study and report on the comparative cost of main- 
taining track with various klhds of halla.st. This Ls .submitted as information. 

I’he President: - It will be so received. 

Chairman A. P. Crosley:- -Report on the last subject will be found on 
page 106, Ajjpendix C\ Determine the answer to the Question: “What is Bal- 
lasted Track?” 

The Committee has reviewed the work on this a.ssignment which wa.s 
presented before the 1030 convention, jind through correspondence and con- 
ferences with many iieople we found that there was widely differing opinion 
on this subject. 

In the Manual is the definition for track, ballast, sub-ballast and top- 
ballast. The Committee therefore submits the following definition: “Ballastwl 
track i.s track to whicli ballast has been ai)l)Iied in its ijropcr position.” The 
word “relative” as appearing in thet'c ha.s been taken out. 

U is recommended that this be adopted for publication in the Manual. 

Mr. Cb W. Baldridge (Atchison, Topeka St Santa Fe) — It appears to me 
that the (’’ommittee has given us a definition instead of an an.swer to the <iues- 
tion. I think what should be given here is <liscussion of what really amounts 
to ballasted trai'k utid not just a definition of ballast. 

('hainuan A. P. CVosley: -We tried to do that last year and after calling 
uttuntion to certain information we drew a definition based very largely on 
what the Ckimmitlec felt was ballasted track, and if you will recall it met with 
such opposition that it was referred back to the (k)mmittce. After studying 
the subject again, we merely referred to the report of the 1930 convention 
rather than copy or even try to elaborate on that report of last year. 

Mr. J. C. Irwin (Boston & Albany):— -I was one of the iminciiwil (>pr>onents 
of the definition last year because I thought that the Committee made too 
much effort to deecrihe the amount of ballast that should be in the track in 
order to consider the track ballasted for various conditions of traffic. It is 
a very involved subject and X raised the question why we needed a definition 
for what is haUa.sted track in the Manual at all. Having a definition for a 
track and a ilcfmition for ballast, it seems to me that it does not add anything 
to our neces.sary information in the Manual to have a definition for ballasted 
track. Therefore, I first advocated that such a definition be not put in the 
Manual, Anyone who has dealt with the various subjects that come up in 
connection with ballasted track for valuation purposes as well as for other 
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purposes, it seems to me, will find the subject is too much involved to try to 
describe it in detail. The question of whether the track is a main track or a 
passing track or a change of one kind of track to another in connection with 
change in service involves the subject so much that I think the definition can- 
not be properly written. Therefore, my view was that we do not need such 
a definition, and I think possibly the Committee may have prepared the def- 
inition from their sense of duty on account of its having been assigned. But 
they have made the recommendation and apparently it can do no harm in this 
form. I think it would be likely to do harm if we tried to do it more in 
detail. 

Mr. C. W. Baldridge: — It seems to me that the assignment of this subject 
is really at fault. If we want to get at this subject it probably might be 
done by asking the Committee to determine relative values of different depths 
of ballast, or something of that nature. The subject as worded here appears 
to me to be an impossible subject. Nothing can be given but a definition, and 
1 do not believe we need it. 

Chairman A. P. Crosley: — ^The Committee revises the motion and recom- 
mends the definition be received as information only. 

Mr. J. C. Irwin : — 1 second that motion. 

The President: — ^You have heard the motion, gentlemen. Is there any 
further discussion? 

(The motion was carried.) 

Chairman A. P. Crosley: — ^That completes the report of the Balla.st Com- 
mittee. 

The President: — This completes the report of the Committee on Ballast. 
It has done excellent work and has given us some fine specifications on stone 
ballast. The Committee is discharged with the thanks of the Association (Ap- 
plause). 

Mr. G. S. Fanning (Erie) by letter: — ^Appendix B. — Specifications for Stone 
Ballast. I am not in sympathy with the Committee’s effort to separate the 
test requirements from the methods of test. The real specification is contained 
in the first parSigraph and all the rest of the specification is an elaboration of 
tliis specification to indicate how the different qualities shall be measured. In 
my opinion the specification would be improved by bringing the test methods 
forward to follow the general characteristics and let each of the articles 2 to 7 
be incorporated at the end of the corresponding test article. 

There is some question as to the value of the cementing lest. The cement- 
ing quality is important on stone used for highway surfacing, where high 
values for this particular quality are desired, but it is questionable whether any 
stone, which was otherwise satisfactory for railroad ballast, has been or would 
be rejected on account of a high cementing value. The railroads of the group 
with which the Erie Railroad Company is associated have recently adopted a 
new ballast specification which completely eliminates any requirement as to 
cementing value. 

* The apparent specific gravity requirement is only a duplication of the 
weight requirement and is one step in testing the weight. I see no necessity 
for specif 3 dng both. 

There is also some question as to the importance of the absorption test 
which has been included by the Committee. 
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In Article ID, inasmuch fis the number of tests to be averaged for each 
of the qualities is the same, the amount of printing could be reduced by mak- 
ing this section read: “For obtaining the values for physical tests, the average 
results of five specimens shall be taken”. 

Article 12. Using only a laboratory lest as a specification for the size 
of stone for ballast, as is done here, very ofti^n results in unnecessary arguments 
with and expense to the quarry. The natural thing for a quarry operator to 
do, where maximum and minimum siz(\s of .screens are .specified, even though 
tlicy may be called laboratory screens, is to use the same .size screens in his 
operation. As the results of the opemtion of .screens in the plant depend upon 
the angle at which tlie screens are set and the .speed which the stone is passed 
over them, in addition to the size of the openings, results will almo.st invariably 
differ from what are iibtained by the u.se of laboratory screens with the inten- 
sive agitation which always accompanies this u.se. T believe that the specifica- 
tion should state definitely what size stone we are trying to get, then give some 
indication as to how this may be obtained at the (piarry, followed by the lab- 
oratory lest. A typical specification of this kind would read: 

“Stone for ballast shall be broken into fragments which range with fair 
uniformity between a maximum dimension of 2]/^ in. and a minimum dimen- 
sion of 1 in. Usually this specification will be met by using a in. round 
hole .screen to retain larger .size.H and a \y 2 in. round hole screen to pass smaller 
sizes. 

“T<‘st for Sizes: (Maximum). A sample weighing not less than ISO 
pounds shall be taken from tlie balla.st as loaded in the cars and placed in or 
on a screen having round holes two and three fourths (2'^;i!) inches in diameter. 
If thorough agitation of the screen fails to iw-ss through the .screen 05 per 
cent of the fragment .s, ns <letermined by weight, the output from the. plant shall 
be rejected until the fault has been corrected. 

“(Minimum). A sample weighing not less than IfiO pounds .shall be taken 
from the ballast as loaded in the cars, weighed carefully and placed in or on a 
suitable screen having round holes one and one-half (I/-)* inches in diameter. 
The screen shall then be agitated until all fragments which will pass through 
the .screen have been eliminated. The fragments retained in the screen shall 
then be weighed and if the weight Is le.s.s than 05 per cent of the original weight 
of the .sample, the output of the i>lant shall be rejected until the fault is cor- 
rected.” 

In Article 18, Pamgraph (3), apparently sonudhing has been omitted after 
“5 in. (U.7 cm.)”. 

In Article 2.<, under Procedure 3, the size of the mesh 0.00.5 in. doc.s not 
check with the correspomling metric dimension O.lo cm. The dimension in 
inches is obviously in error. 

A 


DISCUSSION ON TIES 

(For Report, see pp. 235-279,) 

Mr, W. J- Burton (Missouri Pacific) : — ^The report is the first one in Bul- 
letin 332. The first subject is that of Anti-Splitting Devices. This subject has 
been under investigation for two or three years. The report will be presented 
by Mr. E. L. Crugar, Chairman of the Sub-Committee. 

Mr. E. L. Crugar (Illinois Central) : — ^The report of the Sub-Committee 
on Anti-Splitting Devices will be found under Appendix A on pages 236 and 
237 of Bulletin 332. Five conclusions are given, together with plans and spec- 
ifications for irons. 

I move that the conclusions and the drawings be adopted for inclusion in 
the Manual. 

The President; — suggest that you read the conclusions, Mr. Crugar, and 
pause after each one to permit of discussion. 

Mr. E. L. Crugar: — Conclusion No. 1: “All hard or broad leaved woods 
are subject to checking and should have anti-splitting devices applied.” 

The President; — ^Is there any discussion on Conclusion No. 1? 

Mr. E- L. Crugar; — ^That, of course, means that all hardwood ties would 
have one of the types of irons shown here, either one iron or two irons. In 
some cases it is necessary to place two. I have seen some where three would 
be necessary. 

Conclusion No. 2: “Anti-splitting devices should be applied prior to or at 
time the ties are delivered to the yard and stacked for seasoning.” The object 
of that conclusion is to get the iron in the tie as soon after cutting as is prac- 
ticable. 

No. 3: “Anti-splitting devices should be so placed as to cross at right 
angles the greatest possible number of radial lines of the wood.” 

No. 4: “Shape and size.” Two sizes are recommended,. one for sizes 3 A, 
4, 5 and 6, and one for sizes 0, 1, 2 and 3, there being a difference in the size 
of irons to meet the differences in the sizes of ties. 

Mr. C. C. Cook (Baltimore & Ohio); — Under shape and size, I note that 
it slates the thickness of the iron be not heavier than 13 gage. A great many 
of the irons that are now used are 11 gage, with the design as is now rather 
generally used, which I note the Committee has here changed. 

I should like to know from the Committee whether the change in the de- 
.sign, that is, in the shape of the iron, justifies the decrease in thickness, and 
whether the same strength of iron was being secured in this design as we got 
w’ith an iron of 11 gage, and whether any tests have been made by the Com- 
mittee to support the recommendation. 

Mr. E. L. Crugar: — ^We have had tests at both the Altoona shops and the 
Burnside plant. 

The tests at the Burnside plant particularly demonstrated that the 13 gage 
could be driven, and the Altoona test, which was a force test, demonstrated 
that the 13 gage was of sufficient strength. Therefore, the Committee reached 
the conclusion that any iron that was of sufficient thickness and strength to 
drive into the hardest wood was .^t^sufficient strength to perform the function 
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lor which it was placed. Therefore we recommend the 13 gage. Individual 
roads can go to a heavier gage if they think it advisable. 

Mr. C. C. Cook: — I believe that the test as to whether the iron will drive 
in the hardest wood is indicative of the strength of the iron, but we have had 
some difficulty in bending of irons with 11 gage. My fear is that by reducing 
to a 13 gage, with the kind of drivers that you have in a tie yard, you may 
have a great many more irons that will not be completely driven and will bend 
under the hammer if not struck directly as they might be at the laboratories. 

Mr. E. L. Crugar; — I think there is one other point in connection with 
the thickness that I did not mention and that should have been mentioned. 
The thicker you get the iron there is a possibility of greater injury to the tim- 
ber. It is possible to get the iron so thick that you cause the wood to split. 

The President. — ^Is there any further discussion? 

Mr. E. L. Crugar: — No. 5, “Anti-splitting irons shall be made from open- 
hearth new billet steel of a chemical composition which shall be within 
the following limits: 


Carbon 

Manganese 

Phosphorus 

Sulphur 

Copper 


.25 to .35 
.40 to .60 
.05 or less 
.05 or less 
.20 or more.” 


The President: — ^The motion is upon the adoption of these conclusions with 
the accompanying drawings. 

Is there any further discussion? If not, those in favor of the motion will 
please say, “aye.” Contrary, “no.” The motion is carried. 

Chairman W. J. Burton: — ^The report on the second assignment will be 
found on pages 238 and 239 under Appendix B. The subject is: “Extent of Ad- 
herence to Standard Tie Specifications.” The Sub- Committee reporting on this is 
headed by Mr. Foley, who is not here today. Mr. Crugar will present Mr. 
Foley’s report. 

Mr. E. L. Crugar: — ^This year’s report on the Extent of Adherence to 
Standard Tic Specifications may be summarized by saying that while lack 
of competition for their supplies resulted in railroads improving their inspection 
in some cases, there really has developed a betterment in practice which has 
greatly improved the general quality of cross-ties during the several years 
the Committee has been examining stocks. 

Each year more railroads adopt the standard specifications. This is suf- 
ficiently clastic to permit each railroad to provide for only the kind of woods 
and sizes of ties it desires. By recognizing certain di m ensions and fixing stan- 
dard sizes they are given a market standing which permits their production for 
any demands which may develop. 

No good reason for the use of non-standard designations has as yet been 
discovered by the Committee, and all railroads not using them are urged to 
adopt them for whichever standard sizes they use. Of the 160 Class I railroads 
in the United States, information is available regarding the ties, the tie size 
and designation, of 108, and only nine railroads, or eight per cent, are non- 
standard. The two Canadian trunk lines are not included. They are both 
non-standard. When all that may be required for a non-conformist railroad 
to become regular is to call a 7x8 tic Size 4 instead of No. 2, it would seem 
as though the change to standard, simplified practice could not present any 
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real difficulties. Reluctance to any change may have had a shadow of justi- 
fication in 1921, but the A.R.EJV. specifications for ties have demonstrated their 
worth in stabilizing the industry of their production and adherence to them is 
their doom. This report is offered as information. 

Chairman W. J. Burton: — Before we pass that there is one further word 
I should like to say in addition to what Mr. Crugar has said. The Tie Spe- 
cification originated by the American Railway Engineering Association is now 
the American Standard. It is the only one, I believe, of the American Rad- 
way Engineering Association which has become the American Standard. We 
have a Standardization Committee which has among its objects the use of our 
own specifications and recommendations as standard. I merely want to call 
attention to the fact that here is one standard which is not only practicable, 
as proved by its very large adoption, but one which has the sanction of our 
Association and of the American Standards Association as well. It is the 
"American Standard” specification. 

The Committee believes that the non-adoption of this specifi-cation by 
some railroads, with the situation as it is at present, is undesirable. Every 
one should adopt it, even though good ties are and can be had under other 
specifications. 

The next subject is that of Substitute Ties. In the absence of the Sub- 
Committee Chairman, Mr. Clement, I shall ask Mr. Riegler to present this 
report. 

Mr. L. J. Riegler (Pennsylvania): — ^This report is printed in the Bulletin 
as Appendix C on pages 240 to 244. It is the usual report on the experience 
of the different railroads with substitute ties. 

On page 245 is ^own a tabulation of the tests now found on the different 
railroads, giving the name of the tie, the location, the date, the number placed 
in track, the number now in track, ballast, section of rail, and the traffic con- 
ditions, This report is offered as information, and I so move. 

The President: — ^Is there any discussion of the report? If not, it will be 
so received. 

Chairman W. J. Burton: — ^The next subject is to be found on page 246 
under Appendix D. Mr. Roach, Chairman of this Sub-Committee, is also 
absent today. This report is a continuation of the data which were originated 
three years ago and is based upon the reports made by the railroads to the 
Interstate Commerce Commission. The form is the same as previously re- 
ported, with the exception that this year, for the first time, there is an added 
column showing the equated gross ton-miles. This equated gross ton-miles is 
according to the formula approved by the Association last year and is what 
is commonly known as the Yager formula. 

I wish particularly to call attention to Table B, beginning on page 253. 
The figures in Table B are derived from those reported in Table A. The new 
column, No. 9, shows the density of traffic on different railroads per mile of 
track. It is density per mile of track which wears out ties. A certain density 
of traffic per mile of road, if dixided up among two or four tracks, is quite 
different from the same density over a single-track railroad. 

The Committee believes that the information in Table B should be very 
helpful to railroad maintenance officers in making studies of their results as 
compared to results of their nei^bors. 
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The data are reported as information and the Committee expects to con- 
tinue this from year to year. 

The President: — there is no objection, it will be so received. 

Mr. J. V. Neubert (New York Central): — was wondering if the Com- 
mittee in summarizing this information in the report has come to any con- 
clusion as to what is an average or weighted average life of a treated tie would 
be. We know pretty conservatively on our own property what the life of 
an untreated tie is. I believe, if my memory serves correctly, that this Asso- 
ciation for a number of years said that a treated tie would average about 
sixteen years. I believe that those who use treated ties to any extent are 
satisfied to say that that life is too short. The question was brought up by 
members, I believe, of the Interstate Commerce Commission to-day, and it is 
a great problem in regard to valuation. I should like to have the opinion of 
the Committee, if I am not out of order. 

Chairman W. J. Burton: — ^The reports both to the Tie Committee and to 
the Wood Preservation Committee indicate that a five-per-cent renewal, which 
corresponds roughly to a 20-year Ufe, is very reasonable to expect, and that 
there are certain very well maintained railroads which are consistently renew- 
ing less than five per cent. I agree with Mr. Neubert, and the Committee, I am 
sure would, that sixteen years’ life for a properly creosoted tie is too short. 
The difficulty in getting a better figure than, say, twenty or twenty-five years, 
is the fact that on many roads creosoted ties have not been used long enough 
to arrive at the average; that is, they have been in less than even the average. 
We feel safe in saying that twenty or twenty-five years, under conditions where 
ties are properly protected from mechanical wear, is not too long to use in 
estimates. Does that answer your question, Mr. Neubert? 

Mr. J. V. Neubert (New York Central) : — Yes, I have had that same ques- 
tion up with people who have been very familiar with it and they told me 
we would not get a conservative average life of treated ties under the end of 
the second renewal period. You could not conservatively get it on the first 
renewal or the beginning of the second renewal or not until the end of the 
second renewal. 

Chairman W. J. Burton: — ^There is some information along that line that 
will be reported a little later by Mr. Shoup, of the Kansas City Southern. 

The next subject is reported under Appendix E on page 260: “Methods 
and Practices for Proper Seasoning of Ties, with Particular Reference to In- 
creasing the Service Life.” 

I will ask Mr. Belcher if he will present this report. 

Mr. R. S. Belcher (Atchison, Topeka & Santa Fe) : — ^It was the purpose 
of this Committee to formulate a few concise rules to cover the handling of 
ties with particular reference to those items of handling which affect the service 
life. Those rules which are given on page 2-60 are short and I had better read 
them as they are here. 

(Mr. Belcher read Appendix E on page 260 of Bulletin No. 332.) 

Chairman W. J. Burton:—! move the adoption of that. 

The President: — It has been moved and seconded that the material of- 
fered by the Committee beginning at (A) and embracing all on page 260 be 
adopted for printing in the Manual. Is there any discussion? • 

Mr. C. C. Cook (Baltimore & Ohio): — ^Under the material of the Wood 
Preservation Committee in the Manual, care of wood after treatment, it rec- 
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ommends that timber be allowed to season for at least sixty days after treat- 
ment. I wonder if this Committee would be willing to accept that in the last 
paragraph of their recommendation, inserting after “to season and dry” the 
W'ords “for at least sixty days.” 

Mr. R. S. Belcher: — ^The Committee will accept that. 

The President: — ^Is there any further discussion? If not, those in favor 
of the motion with the slight revision accepted by the Committee, in the rule, 
will please indicate by saying “aye”; contrary, “no.” The motion is carried. 

Chairman W. J. Burton: — ^The next subject is reported beginning on page 
261. The subject assigned reads, “Comparison of ties renewed per maintained 
mile with proper adjustment for rate of application of treated ties since the 
beginning of their use and for traffic, using the approved traffic unit.” The 
Committee wishes to report progress on this subject and expects to have a 
more complete report directly on the subject next year. However, the Com- 
mittee is presenting this year as being of very considerable bearing on the sub- 
ject, a monograph by one of its members, Mr, S. E. Shoup. I will ask Mr. 
Shoup to present his report. 

Mr, S. E. Shoup (Kansas City Southern) : — In presenting this study I wish 
first to say veiy emphatically that it was not undertaken with the idea of prov- 
ing or disproving any particular point or points. It was believed that tie 
records on the Eansas City Southern were unique and that if any benefit 
could be derived from a study of these tie records, it should be shared with 
other carriers. Therefore, the study as presented is based upon facts and no 
theories have been interwoven at alL A few things about this study are I 
think worthy of comment. 

The Kansas City Southern started the use of creosoted red oak ties in 1909. 
The study of creosoted red oak ties is based on the insertion of 2,600,000 of 
these ties put in beginning with 1910 and continuing in varying numbers there- 
after, Of this number, approximately 226,000 have been removed. The basis 
of this study is a report made by the section foreman and shown in Form 1 
on page 270. This form is approximately 17 by 22, that is, four letterhead 
sheets, and is divided down the center with a vertical line. In Fig. 1 as printed 
on page 270, there are omitted two sub-captions, “Ties placed” on the first 
horizontal double line, and “Ties removed” over the second horizontal double 
line. 

It is rather an interesting sidelight on this report that in working up this 
data I came across a great deal of correspondence between the Division En- 
gineers and the Roadmasters because the number of ties removed did not cor- 
respond with the number of ties placed as shown on this report. 

This data is not dependable from the standpoint of absolute accuracy, but 
we believe it is as accurate as records of such volume could possibly be. Some 
inconsistencies had to be ironed out, but there were very few, all things con- 
sidered. 

It should also be considered that the records as given in this study are 
upon what you might call experimental creosoted ties. Since the first ties were 
put in track in 1910, considerable improvement has been made in the treat- 
ing and seining of ties, larger tie plates are being used and more of them, also 
heavier rails. All these things would tend to make an even greater life than 
the 26 years which this study would seem to indicate, which is the best present 
guess that can be made on the life of creosoted red oak ties. 
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Another thing that I should like to mention is the fact that only 3.7 per 
cent of our creosoted ties have been removed on account of decay, and that 
95. 3 have been removed on account of rail cutting or other mechanical wear. 
Along that line we have test sections at two points on our road, using an 
anchored tie plate as suggested by Dr, Hermann von Schrenk, which seems to 
be giving very good results in reducing this mechanical wear. 

This report also shows the total renewals per mile of track, but in con- 
sidering that table it must be remembered that only 71 per cent of the total 
number of ties on the Kansas City Southern are treated as yet. We are using 
nothing now but treated ties, and in the next few years we will be using 100 
per cent treated ties. At the present time, in looking at those figures, you must 
realize that they incorporate the removal of untreated ties. This is offered as 
information. 

Chairman W. J. Burton: — There is one other table that I want to call 
attention to, particularly in response to Mr. Neubert’s inquiry. It is Table IV 
on page 268. The interesting thing to note is that of the ties placed in 1910, 
for instance, up to and including last June, only 32 per cent had been removed 
from track, that is, after some twenty years; of those placed in 1911, the per- 
centage is only slightly greater; of those placed in 1912, only 32 per cent; of 
those placed in 1913, IS per cent; of those placed in 1914, 31 per cent; of those 
placed in 1915, 22.5 per cent; of those placed in 1916, 10.8 per cent, and then 
the percentage decreases right along until a very inconsequential number, less 
than one per cent, have been renewed for each year since 1921. That table 
indicates that the average life of the creosoted ties, even of those placed in 
1910, has not yet been reached. The estimate of fwenty-six years^ average life, 
of course, is predicated on a forecast based on some one of the tie renewal 
curves. It clearly indicates, though, the justification for a raising of the 
previous figure of sixteen years. 

The President: — ^This is a very interesting study, gentlemen. I am sure 
it will be found of great value. If there is no discussion, it will be ‘received as 
information. 

Dr. H. von Schrenk (Consulting Timber Engineer) I should like to take 
a few minutes to comment on this report and express my appreciation of this 
very extraordinary contribution. 

Probably one of the greatest troubles we have had, particularly in recent 
years, is to answer the question Mr. Neubert asked as to what is the life of a 
creosoted tie. We have had to base an answer to that question very largely on 
numerous arithmetical calculations. We have all been very conscious of the 
fact that those arithmetical calculations have been very largely in the form of 
guesses. We have attempted to give an answer to a—what I call, for want of 
a better term — ^biological question in terms of arithmetical averages. We have 
all been conscious of the fact that that was not the true way to go at it, but 
it was the only way we had. 

Unfortunately, as Mr. Shoup stated, there are very few railroads in the 
United States which were fortunate enough to have records in such shape as 
to give the proper answer. So far as I know, there are only three roads that, 
since the beginning of their installing creosoted ties, have marked them in some 
way or other, by means of notching or, since the advent of the dating nail, 
marked the year of insertion of each tie laid in the track. 
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This is the first contribution, I think, that has ever been made, which 
shows the years of service of individual year’s insertions. I should like, there- 
fore, to emphasize it particularly as it leads to a correct answer as to what is 
the real tie life we are getting, particularly with reference to creosoted ties and 
untreated ties, both covered in this report. Consequently, it ought to be noted 
with a great deal of emphasis. 

The reason for this is — want to repeat what Mr. Shoup said — that the 
section foremen in removing ties made a report of the year of insertion, so 
that they have an actual record on the Kansas City Southern of the percentage 
of each year’s insertion still in service. We can therefore draw a series of 
curves, if you please, which will give us eventually, when the ties have reached 
their biological peak — ^as shown in the Thome curve, approximately 60 per cent 
of the insertion — a true picture of what that tie life actually was. 

One very interesting corollary to be followed from the study that Mr. 
Shoup has presented would naturally be to test the accuracy of the various 
curves suggested, beginning with the Thome curve and running through the 
whole series, as to how we shall interpret per cent of removal in a certain 
period in terms of actual tie life. It will be a few years longer on the Kansas 
City Southern before we will be able to do that. Twenty-six years can 
properly be taken as a conservative estimate of the performance which the 
earlier insertions seem to indicate. 

I want to also emphasize the paragraph that Mr. Shoup referred to on page 
268 with reference to causes of removal. I think it is a very remarkable piece 
of work that we can point definitely to the fact that of the removals made to 
date of ties which have been lying in the track since 1912, only 3.7 per cent 
have been removed because of decay. There are still doubting Thomases in 
the United States who want to know whether creosoting will really preserve 
ties. There is a lot of discussion going on as to how ties should be treated, 
and a great many details connected therewith. It is a record of this sort that 
one can point to with particular pride. 

I am reminded of an experience this summer on the French Eastern Rail- 
way. When I requested the Chief Engineer to be permitted to go out and see 
some of the ties laid in 1879 in their track, which have been in service a little 
over fifty-one years, he said, “You have been out there three times on previous 
occasions. What do you want to go again for?” 

I said, “I want to go out there and get the atmosphere.” We went out 
on this track, the engineers, operating officials, and myself, and we looked at 
these old ties. All I could think of was to take off my hat and bow deeply to 
the ties. I wish you could have seen the expression on their faces. That is 
something to recognize, that there is the possibility of fifty-one years of life. 
I th ink the showing of the IKansas City Southern, remembering that the first in- 
sertions date back to the years when we really did not know as much as we 
do about the character of creosoting and did not inspect our materials as care- 
fully and did not protect as carefully against mechanical wear, is a pretty good 
indication of what we may expect from treatment as now conducted according 
to the specifications of our Association. 

I want to compliment Mr. Shoup for his contribution. 

Mr. S. E- Shoup: — ^If I may say so, I want to answer Dr. von Schrenk in 
one particular, and that is that I have plotted some other curves showing how 
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this data I have prepared may be applied, and provided I can get these curves 
“by” Dr. von Schrenk and the Tie Committee, I hope to present them next 
year. 

The President: — ^Is there any further discussion on this subject? 

This Committee has submitted some excellent information, information 
that we have all been looking for for a long time, and the comments by such 
an authority as Dr. von Schrenk will make us all realize, even more than we 
perhaps have, the great value of records which will enable such studies as this 
to be made. 

The Association is indebted to this Committee for the good work it has 
done, and it is now relieved with the thanks of the Association (Applause). 

DISCUSSION ON WOOD PRESERVATION 

(For Report, see pp. 281-^12.) 

(Vice-President J. V. Neubert in the chair.) 

Mr. F. C- Shepherd (Boston & Maine) . — ^The report of Committee XVII, 
Wood Preservation, is found in Bulletin 332, page 281, on which page your 
Committee presents four reports, three covering information and one for adop- 
tion. 

On page 282, Appendix A, report is given on the service test records for 
treated ties. This report will be handled by Mr. Goodwin, Chairman. 

Mr. W. R. Goodwin (Minneapolis, St. Paul & Sault Ste. Marie) : — ^The 
table of tie renewals per mile maintained on various railroads has been brought 
up to include renewals for 1929. Reports are submitted covering speaal test 
tracks on the Chicago, Burlington & Quincy; Chicago, Milwaukee, St. Paul & 
Pacific; Chicago & Northwestern; Great Northern; Rock Island; St. Louis & 
Southwestern, and Soo Line. 

I want to call your attention to a misprint on page 286, in the second 
series of items. Under the heading “Average life of test ties,” 4 per cent zinc 
chloride treatment, fir-sawed triangular, is shown as 117 years. That is a little 
too much. It should be 17. 

On page 287 we start a report on “Rueping treated ties on the Rock Island 
Lines which- is continued on page 289. 

It is recommended that this report be accepted as information and the 
subject continued. 

Vice-President J. V. Neubert: — ^If there is no objection, it will be so re- 
ceived. 

Chairman F. C. Shepherd: — ^The second report of this Committee is found 
under Appendix B, page 292, Piling Used for Marine Construction. 

In the absence of Mr. Atwood, Chairman, Mr. Cook will render the report. 

Mr. C. C. Cook (Baltimore & Ohio) : — ^This is a continuation of the in- 
spections of the test pieces that are existing throughout the various coastal 
waters. There are some references to some recent compounds developed by 
the Chemical Warfare Service, which will be instituted and continued with 
these other test pieces. The material is submitted as information. 

Vice-President J. V. Neubert; — ^If there is no objection, it will so be. 

Chairman F. C. Shepherd: — ^The third report, Appendix C, Destruction 
by Termite and Possible Ways of Preventing Same, is found on page 310. This 
report will be described by Dr. von Schrenk. 
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Dr. Hermann von Schrenk (Consulting Timber Engineer)-: — ^The report of 
the Committee on Termites is very short this year. It is printed on page 
310. There is very little to add of a practical nature to the report which the 
Committee made last year except to call attention to the activities of the very 
efficient Committee on Termite Prevention of California. They have, during 
the last year, issued another Bulletin which is referred to herein, together with 
the indication that anybody who is pereonally interested please communicate 
with the Chairman in San Francisco. 

The Committee further calls attention to the cooperative tests being con- 
ducted under the auspices of the United States Bureau of Entomology in Vir- 
ginia, and in the Panama Canal Zone with all kinds of samples of treated 
woods, as well as untreated woods, to determine the relative efficiency of these 
materials. 

I want to add just one word to what is printed in the report, and that is 
that in view of the ever-increasing evidences of termite destruction in the 
two zones as indicated on the map printed last year, a very large amount of 
public attention and interest has been stimulated, and as is usual in such cases, 
all sorts of people have come forward with the euphonious title of “termi- 
tologists” and what-not, advocating various remedies for quick extinction, with 
guarantees or without guarantees to successful treatment. 

The matter got to be so significant in California that the California legis- 
lature this last year passed an act prohibiting the practicing of any such pro- 
fession in California without a certificate of efficiency given by a specially ap- 
pointed commission who were created by that act. This commission is com- 
posed of some of the leading members of the California termite investigation 
co mmi ttee, and, as a result of their actions, only properly qualified persons can 
now operate in California. Unfortunately we haven’t any such laws in a num- 
ber of the other states, and the Committee calls attention to the fact that be- 
fore trusting anybody who may come with claims towards rapid prevention 
of termites, they had better proceed cautiously and read the recommendations 
which your Committee made last year, which gives very simple and easily im- 
plied remedies, or consult National authorities before proceeding. 

This report is offered as information. 

Prof. S. N. Williams (ComeU College) I should like to inquire of Dr. 
von Schrenk whether the Committee has yet found any satisfactory or better 
method of handling these insects along the Pacific Coast than the creosoting 
process. 

Dr. Hennann von Schrenk:— In answer to that question, I can say no, as 
far as the ground inhabiting forms are concerned. It is probably also true 
of the forms that come into buildings and structures, bridges, telephone lines 
and so forth, from the air. But, of course, very frequently it is not prac- 
ticable to use creosote in situations such as that. 

The investigation which the California committee is now making is along 
lines of rather untried methods as yet. One of the most interesting things 
they have done recently is to suggest the possibility of using arsenic dusts, 
takmg advantage of the observation that practically all members of the work- 
ers of the termite group frequently lick each other. That has been observed 
toe and again, and I think in the moving pictures shown last year that was 
Illustrated. The Committee seem to be very hopeful that by introducing a 
very fine powder into the workings, if you can get it in there, that a good 
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many of the termites will be covered with this arsenic dust and be licked by 
their friends and neighbors and result in ultimate destruction. That works in 
some places, and in other places it will not work. Of course, it applies par- 
ticularly to buildings that are already in position. Of course, the great demand 
for effective remedies is not so much in connection with new structures where 
you can prevent their entrance entirely, but with existing structures. The tear- 
ing down of buildings or bridges or power lines is always a very expensive 
matter, and the replacement cost, of course, is correspondingly higher. But 
for ground work there is nothing yet that has been found as efficient a protec- 
tion as creosote impregnation. 

Prof. S. N. Williams: — ^It seems to be, then, a continuing fight to the finish 
between the different orders of marine insects. 

Dr. Hermann von Schrenk: — Marine as well as land insects. As a prophet 
recently said, it is coming to be a fight to the finish between the insects and 
the human race. 

Chairman F. C. Shepherd: — The last report of this Committee is shown 
on page 310, Appendix D, subject, Practicability of Boring Bridge and Switch 
Ties for Spikes Before Treatment. This report will be handled by Mr. Hubley, 
the Chairman. 

Mr. R. S. Hubley (Great Northern) : — For several years now a large 
number of the railroads who have been treating a majority of their cross- ties 
have been pre-boring the ties for spike holes before treatment, thereby obtain- 
ing treated wood around the driven spike and also obtaining a greater amount 
of the preservative under the rail, where it is mostly needed. The majority 
of the cross-ties being removed from track today, that were not pre-bored be- 
fore treatment, will show that the wood had decayed mostly in the vicinity 
of the spike holes; thereby reducing the holding power of the spike and 
weakening the track structure. The pre-boring of the track ties for spike 
holes before treatment is extending the average life of the ties considerably, by 
preventing early decay in the vicinity of the spike holes, and the increased life 
that is now being obtained from the pre-bored tie reduced to dollars and cents 
will many times offset the initial cost of the boring. 

In view of the fact that the pre-boring of the cross-ties for spikes was 
found to be an economical proposition, it was thought advisable that probably 
bridge and switch ties should also be bored before treatment. However, in the 
pre-boring of bridge and switch ties due to their various lengths, they could 
not be bored in the regular tie boring machine but the Work would have to 
be done by hand. This would necessarily increase the cost of the boring con- 
siderably. 

In order to obtain from the various railroads their opinion on this sub- 
ject, the following questionnaire was submitted to 34 railroads, to which replies 
were received from 27. 

I will read the questionnaire: 

“Q. Are you boring bridge ties for spike holes prior to treatment? 

“A, Six roads replied in the affirmative, and 21 No. 

“Q. Do you recommend the boring of bridge ties for spike holes prior to 

treatment ? i -j. At. 

“A. Seventeen replied ‘yes’ and 4 ‘no.’ Several thought that it was toe 
proper thing to do if it was practical and could be done economically. One 
road stated that ‘We should do everything we reasonably can that is practical 
to prolong the Ufe of such material.’ Another road did not think it practical 
account of the different weights of rail used on their line. 



746 


Wood Preservation 


“Q. Are you boring switch ties for spike holes prior to treatment? 

“A. An the replies were negative. 

“Q. Do you recommend the boring of switch ties for spike holes prior 
to treatment? 

“A. Three roads replied in the ^affirmative,’ 16 ‘no,’ and the balance had 
different opinions as foUows: 

“Most of holes would be different and difficult to keep material in sets, 
due to the different weights of rail in use. 

“Impractical and too costly. 

“Difficult to locate the holes properly; probability that turnouts would not 
be bored to proper line. 

“Switch ties would have to be spaced accurately on ground to have the 
rail conform to the borings. 

“Switch ties are not replaced as a rule on account of decay, but are short 
lived because of the mechanical wear to which they are subjected. 

“The penetration received without pre-boring sufficient to preserve the tie 
until destroyed by mechanical wear. 

“Q. If you do not approve of boring spike holes in the entire switch tie, 
do you think it advisable to bore the switch tie for the main line only (as this 
is the most used) leaving the turnout side of the track unbored? 

“A. Five roads replied in the ‘affirmative,’ 10 ‘no,’ other replies were as 
follows: 

“Track forces would have difficulty in placing the switch properly in the 
track according to borings. 

“Not economical as switch ties were mostly removed account of mechanical 
wear. 

’“Impracticable on account of the tiespadng and switch plates. 

“Q. If you approve of boring the main line spike holes in the switch ties, 
do you think that it would be an economical proposition to bore the switch 
ties approximately at the location of the turnout rail, in order to obtain a bet- 
ter penetration of the preservative under the rail, no attempt being made to 
determme the exact location of the spike hole on the turnout side?” 


piis would merely mean that we would bore four holes in the ties at ap- 
proximately the location where the turnout rail would come, so that after the 
tie was treated, the timber in the vicinity of the rail would be thoroughly 
tieated throughout. Then when the rail is spiked, the spikes would be driven 
into treated wood instead of untreated wood, which would be the case if the 
ties were not prebored before treatment. 


‘affirmative,’ 15 ‘no,’ others as follows: 
Woula not be an economical proposition. 

“Brieve the main line portion of ties will need renewal from mechanical 
wcar^ before ties will rot out under turnout rails. 

“Do not it advisable to undertake to bore switch ties as there are 

variation in the condition of the ties to tn.l,. 

Tfc. 'Z? romplicatiOTis in boring switch ties to warrant going into it. 

The botug will ^ have to be done by hand, as machines used at the tie treat- 
mg plants would not take the lengths of timber, and we do not believe the 
benefe would be worth the ertrarost. 

^™r«r“en^S -«ch ties for spike holi'W^dll 


The Committee concludes: “I. It is toe opinion of the Committee that 
the pre-bonng of bridge ties for spike holes pttor to treatment is practicable 
and an economical thing to do. 
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“2. That the pre-boring of switch ties for spike holes prior to treatment, 
either for the main line or turnout rails, is to be left to each road to do as they 
see fit. 

“3. It is recommended that the conclusions be accepted and printed in 
the Manual.” 

Mr. F. M- Thomson (Missouri— Kansas-Texas)*: — Conclusion No. 2 is 
rather an indefinite conclusion, and so indefinitely stated that it contains no 
beneficial or constructive information. It would not appear that it is proper 
subject-matter for the Manual. Conclusion No. 3 is really not a conclusion 
at aU, but a recommendation. It occurs to me that only one conclusion in the 
three is real subject-matter for the Manual — that is Conclusion No. 1. 

Vice-President J. V. Neubert: — ^The Committee accepts the suggestion that 
2 and 3 be printed as information. Can the motion be made accordingly? 

Mr. R. S. Hubley: — ^That is correct. 

Chairman F. C. Shepherd: — We so move. 

Vice-President J. V. Neubert: — Are there any more questions or remarks? 
All in favor say “aye” ; contrary, “no.” It is carried. 

This Committee is comprised of thirty-five members. This subject has 
been assigned to this Committee for a number of years. Although a great 
many may feel that their work is done, it may be true, because I think they 
have proven very clearly in the past number of years the advisability of the 
treating and preservation of timber. It is one of the greatest things that we 
have had in the period we went through last year and possibly this year. Rail- 
roads that have been using treated timber for ten or more years have made a 
saving in the upkeep of the property for maintenance. It is like the woodman 
in cutting the tree. The tree said, “Treat me with kindness.” I do not feel 
that the Committee wants to be treated kindly, but I feel that you should, in 
their behalf, consider their recommendations in regard to education, in regard 
to the application of the use of treated material. 

If there is nothing more, the Committee is excused with the thanks of the 
Association (Applause) , 

DISCUSSION ON IRON AND STEED STRUCTURES 

(For Report, see pp. 119-134.) 

(Vice-President J. V. Neubert in the chair.) 

Mr. A. R. Wilson (Pennsylvania) : — This is the first report printed in Bul- 
letin 330. The Committee presents report covering the following subjects: 

(1) Revision of Manual (Appendix A). 

(2) Track anchorage over bridges and similar structures (Appendix B) . 

(7) Use of copper-bearing steel for structural purposes (Appendix C). 

(10) Specifications for punched and reamed work (Appendix C). 

(11) Longitudinal forces as they apply to railway bridge superstructures 
and sub-structures (Appendix E). 

(12) Design for rivet heads for steel structures (Appendix F). 

The report under Appendix A, appearing on page 120 will be presented 
by Mr. Simmons, Chairman of the Sub-Committee. 

Mr. I. L. Simmons (Chicago, Rock Island & Pacific) : — ^This Committee makes 
the following report and recommend that it be approved and the revisions sub- 
stituted for the present recommendations in the Manual: 
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“That Article 1518, Specifications for Steel Highway Bridges, page 1221, 
of 1929 Manual, the definition of "p* be changed to read, ‘Allowable unit stress 
for the column in question.* 

“That Specifications for Steel Railway Bridges, appearing in the 1929 
Manual be revised as follows: 

“Paragraph 8, page 1073, be changed to read: 

“ ‘Structures shall be made wholly of structural steel except where other- 
wise specified. Rivet steel shall be used for rivets only. Forged steel shall be 
used for large pins, large expansion rollers and other parts if specified by the 
engineer. Cast steel preferably shall be used for shoes and bearings. Cast iron 
may be used only where specifically authorized by the Engineer.’ 

“Page 1091, Article XI, ‘Materials,’ be revised to include Specifications for 
Forged Steel; and that the order of the subjects be as follows: “(a) Structural 
and Rivet Steel; (b) Forged Steel; (c) Cast Steel; (d) Cast Iron.” 

The specifications for forged steel are new and it is recommended that 
they be adopted for printing in the Manual- 

Vice-President J. V. Neubert: — -It has been moved and seconded. Is there 
any discussion? Are there any remarks? All those in favor please say “aye”; 
contrary, “no.” It is carried. 

Mr. I. L. Simmons: — I should like to move that the changes in Article 1518 
and also the change mentioned in Paragraph 8, page 1073 be adopted and 
printed in the Manual. 

Vice-president J, V. Neubert: — ^Is there any discussion on this? All in 
favor say “aye”; contrary, “no.” It is carried. 

Chairman ’A. R. Wilson:--- We recommend that the report on track an- 
chorage over bridges and similar structures (Appendix B) on page 123 be re- 
ceived as information. 

Vice-President J. V. Neubert: — ^Does any person want to make any remark 
on Appendix B, beginning on page 123? 

Chairman A. R. Wilson: — ^We recommend that the report on the use of 
copper-bearing steel for structural purposes (Appendix C) on page 126, be re- 
ceived as information. 

Vice-President J. V. Neubert: — ^Is there any discussion or any remarks? 
If not, proceed. 

Chairman A. R. Wilson: — ^The report on specifications for punched and 
reamed work (Appendix D) is on page 127. I will ask Mr. Dufour, Chair- 
man of the Sub- Committee, to present this report. 

Mr. F. O. Dufour (United Engineers & Constructors): — ^This subject has 
been under active consideration by this Committee for eight years. Thousands 
of tests have been made. Hot and cold riveted specimens of punched and of 
punched and reamed work, with varying number of thicknesses of material, 
were made and cut in two through the center and inspected. Tension, bend 
and hardness tests were made on riveted specimens of punched and of punched 
and reamed and of drilled work and also of joints. 

With the practically unanimous approval of this Committee, which con- 
sists of consumers, manufacturers and research engineers, the revision of the 
entire section of steel bridge ^;>eGifications on workmanship has been made. 
The only clause which has been materially changed has been Article 209. 

The main difference between the reamed, section on workmanship and 
that now in the Manual is that there is no punched or pundied and reamed 
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work as such. Whether the material is punched, reamed or drilled depends 
upon the thickness and number of thicknesses of the material, and whether or 
not it is what we commonly designate as main material. 

The revised clauses on workmanship are given in Bulletin 330. 

The Committee makes the following report and recommendation (and this 
report is the section on workmanship) that it be approved and the revision 
substituted for the present recommendations in the Manual. 

Vice-President J. V. Neubert: — ^Is there any discussion? Are there any 
remarks? All in favor say “aye”; contrary, “no.” It is carried. 

Chairman A. R. Wilson: — We recommend that the report on Longitudinal 
forces as they apply to railway superstructures and sub-structures (Appendix 
E), page 131, be received as information. 

Vice-President J. V. Neubert: — Is there any discussion? If not, it will be 
so accepted. 

Chairman A. R. Wilson: — We recommend that the report on design for 
rivet heads for steel structures (Appendix F) page 133, be received as informa- 
tion. 

Vice-President J. V. Neubert: — ^Is there any discussion? If not, it will be 
so received. 

Chairman A. R. Wilson: — ^That completes our report. 

Vice-President J. V. Neubert: — ^Are there any questions you would like 
to ask this Committee? This Committee is comprised of 35 members. They 
have done very constructive work. In the work that they have done in the 
past number of years ^t has simplified not only the design but the practice 
of steel structures whidi has been extensively used, and the Committee is ex- 
cused with the thanks of the Association (Applause). 


DISCUSSION ON WOODEN BRIDGES AND 
TRESTLES 

(For Report, see pp. 313-319.) 

(Vice-President J. V. Neubert in the chair.) 

Mr. H. Austin (Mobile & Ohio): — ^The report of your Committee on 
Wooden Bridges and Trestles appears in Bulletin 332. The subjects assigned 
are listed on page 313 thereof. The Committee has no revisions to propose to 
the Manual at this time, and if it is agreeable, Mr. Chairman, we will pass on. 

Vice-President J, V. Neubert: — Unless any person would like to ask any 
questions, we will proceed. 

Chairman H. Austill: — Subject 2 will be presented by Mr. Hawley, Sub- 
ject (3) by Mr. Grear, and Subject (4) by Mr. Hart, the respective Sub- 
committee Chairmen. 

Mr. W. E. Hawley (Duluth, Missabe & Northern) : — ^The subject under 
Appendix B is Simplification of Grading Rules and Classification of Timber 
for Railway Uses, collaborating with other organizations dealing with this 
subject. The report is presented for information. In addition to the informa- 
tion given here, Committee VII is collaborating with a committee on lumber 
specifications in the Mechanical Division of the American Railway Association 
for the purpose of seeing if it is possible to so modify the lumber grading rules 
of this Association that they may be adapted to the use of the Car Division 
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and both divisions use common grading rules for both timber and lumber. That 
study is to be carried on during this coming year. This Committee is also 
asked to appoint advisory members for an investigation on the strengtli of 
floor and floor members. The National Lumber Manufacturers Association, in 
cormection with experimental school at the University of Illinois at Urbana, is 
going to carry on during this year tests of laminated floors and various types 
of floor constructions in houses and bridges and find out from actual experi- 
mental full size panels the stresses and deflections which will develop with 
different depths and thicknesses of material. This work will offer a good deal 
of information of value to the Buildings Committee and the Bridge Com- 
mittee and the members of this Association. 

Vice-President J. V. Neubert: — Is there any question? If not, it will be 
so received. 

Mr. S. F. Grear (Illinois Central) : — Subject 3, Standardization and Simpli- 
fication of Store Stock and Disposition of Material Reaching Obsolescence, col- 
laborating with other committees and organizations concerned. This report 
speaks for itself. It is simply a series of suggestions for the use of obsolete 
material, for standardization of sizes, and largely represents the experience of 
members of the Committee on Wooden Bridges and Trestles- It is offered as 
information. 

Vice-President J. V. Neubert: — ^Are there any questions? If not, it will 
be so received. 

Mr. R. P. Hart (Missouri Pacific): — Appendix D, Overhead Wooden or 
Combination Wooden and Steel Highway Bridges, Collaborating with Com- 
mittees VHI — ^Masonry, and XV — ^Iron and Steel Structures. The report is too 
much in detail to be read in its entirety. I wish to call to your attention an 
error in printing the second estimate on page 317. The third from the last 
item should be a duplicate of the fourth item in the first estimate; the total for 
this estimate, however, is correct as printed. I wish also to call to your atten- 
tion the two typical plans shown on pages 318 and 319 for typical overhead 
bridges, one having a timber floor and the other having a concrete floor on 
timber stringers. 

Subject (6) has also been taken care of by a change in the assignment for 
the coming year. 

That completes the report of your Committee. 

Vice-President J. V. Neubert; — ^Does anybody wish to ask this Committee 
any questions? 

This Committee was originally called the Committee on Bridges, and as 
the work expanded, it was split up into two committees. It has been known 
of late and for a number of years as the Committee on Wooden Bridges and 
Trestles- They have done very able work, and if I do say it, a great many 
of them thought we should not have them any more, and the report you have 
presented this year has very well clarified it to the Association that you are 
needed now. 

The Committee is relieved with the thanks of the Association (Applause). 



DISCUSSION ON MAINTENANCE OF WAY WORK 
EQUIPMENT 

(For Report, see pp. 439-481.) 

(Vice-President J. V. Neubert in the chair.). 

Mr. C. R. Knowles (Illinois Central): — ^The report of the Special Com- 
mittee on Maintenance of Way Work Equipment appears on page 439, Bulle- 
tin 333, The Committee presents six final reports and four progress reports. 

The first report, on Definitions of Terms used in connection with Mainte- 
nance of Way work equipment, appears under Appendix A on page 441. One 
hundred and seventy-five definitions of terms are presented. It is moved that 
these definitions be accepted for publication in the Manual. 

Mr. Fritch just handed me ,a letter here with some exceptions to the defini- 
tions as submitted. It is not permitted to discuss definitions on the floor of the 
convention, but the Committee will be glad to accept any suggestions or 
criticisms of the definitions as presented. In recommending them for in- 
clusion in the Manual, it should be understood that they are subject to such 
changes or criticism as may be presented by members of the Association. Such 
criticisms or suggested changes in the definitions arc invited. 

Vice-President J. V. Neubert: — ^All in favor say “aye.^' Contrary, “no.” 
It is carried. 

Chairman C. R. Knowles: — ^The next report, on Standardization of Parts 
and Accessories for Railway Maintenance Motor Cars, appears on page 451. 
Mr. Westcott is Chairman of the Sub-Committee and will present the report. 

Mr. G. R. Westcott (Missouri Pacific)-: — The subject of Standardization 
of Parts and Accessories for Motor Cars was first studied by a Sub-Committee 
under Committee XXII — Economics of Railway Labor. This, I believe, was 
in 1926. No very definite results were secured until last year when the Sub- 
Committee having it in hand recommended to the convention some sketches 
indicating their recommendations as to standards in the matter of wheels and 
axles. This year the work was transferred from the Committee on Economics 
of Railway Labor to the Special Committee on Maintenance of Way Work 
Equipment, and the work this year was restricted mainly to a study of coup- 
lers, safety rails and tool trays. 

On pages 452 and 453 of Bulletin 333 will be found the recommendations 
of the Sub-Committee, which we are submitting to you for publication in the 
Manual, if satisfactory. 

Mr. Louis Yager (Northern Pacific) : — Some of us have been wondering 
what this is all about. Wc notice that there was a shortage of ink or some- 
thing in this sketch. Was that intentional or otherwise? 

On page 453, we do not know whether that sketch represents a tray or 
a handbasket, 

Mr. G. R. Westcott: — I would say that the difiSculty perhaps was some- 
where between the Committee and the printer. It was not desired to put any 
title on the drawing. It should have been publislfed,' however, with a title 
under the drawing. The Committee will be very glad to have that arranged 
before it is placed in the Manual, if there is no other objection. 
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Vice-President J. V. Neubert; — ^Are there any other discussions? All in 
flavor of this motion, please say “aye.” Contrary, “no.” It is so ordered. 
Proceed, Mr. Knowles. 

Chairman C. R. Knowles: — ^The next report, on Methods of Alarm for 
Gasoline Propelled Track Cars, appears under Appendix C, page 45 1. Mr. 
Ordas, Chairman of that Sub -Committee, will present the report. 

Mr. C. H. Ordas (Chicago, Milwaukee, St. Paul & Pacific) ; — ^The Com- 
mittee investigated the merits of the various types of warning signals, also the 
legal requirements in the several states and various municipalities, and submit 
the report as shown on page 451, Bulletin 333. The conclusions of the Com- 
mittee are : 

“(X) The use of warning devices on track cars is not recommended ex- 
cept under special conditions. 

“(2) Where desirable or advisable to use a warning device, the mouth 

blown whistle of the type used by police officers furnishes the most efficient 

alarm for use on track cars.” 

Chairman C. R. Knowles: — ^It is moved that the report be received as in- 
formation and the subject be discontinued. 

Vice-President J. V. Neubert: — ^Is there any discussion on this? I am very 
glad that they have decided to do that, under Item No. 2. That seems to be 
the experience of quite a number. 

Unless there is objection, it is so ordered. Proceed, please. 

Chairman C. R. Knowles: — ^The next report is on Methods of Scheduling 

and Assigning of Work Equipment, giving particular attention to equipment 

used in seasonal work, appears under Appendix D on page 455. Mr. Mabile is 
Chairman of the Sub-Committee, and I shall ask him to present the report. 

Mr. J. B. Mabile (Chicago, Rock Island & Pacific) Your Committee 
takes the liberty to view and report on this subject from a standpoint of 
scheduling work instead of scheduling and assigning machines, the thought 
being, in order to keep machines at work the greatest number of days possible 
throughout the year, that the scheduling of non-seasonal work was really the 
most important. The seasonal work has to be done, or should be done in its 
turn. The fact that we have kept the various machines in service and kept 
them in repair and used them means that we have decided that they are labor- 
savers. The next thought is, is the machine a money-saver? There is quite 
a difference, your Committee feels, between the two. 

From those thoughts we have drawn the following conclusions: 

“(1)‘ Each machine must be operated a definite number of days before 
it becomes a profitable investment. 

“(2) Seasonal work should be programmed and machines so assigned as 
to reduce to a minimum the work done by hand or other methods. 

“(3) Non-seasonal work should be scheduled in order to utilize all 
machines the greatest possible number of days throu^out the year. The 
adaptability of the various m achines for this class of work must be carefully 
considered.” 

In addition to those conclusions, we have presented as information Exhibits 
A and B, showing data on the various machines where we could get definite 
information, which we feel will be of value to anyone studying the use of 
machines from this standpoint. 

Chairman C. R. Knowles:— It is moved that the report be received as in- 
formation and the subject continued. 
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Vice-President J. V. Neubert: — Is there any question? If not, it will be 
so received. 

Chairman C. R. Knowles: — The next report appears on page 458, 
“Methods of Keeping Data on Work Equipment and Labor-Saving Devices,” 
under Appendix E. Mr. Constance is Chairman of the Sub-Committee and will 
present the report. 

Mr. Walter Constance (Chesapeake & Ohio) : — This subject was handled 
very ably last year by a Sub-Committee of Committee XXII. They sub- 
mitted a large number of forms, and we were rather at a loss to know what 
to d6 in presenting something further. I will read the conclusions we came to: 

“Your Committee wishes to emphasize the statement of Sub-Committee 
10 in its report, that the 'major objective of keeping data on the performance 
of labor-saving devices is to determine whether economy may be effected 
through their use when compared with other methods of doing work.’ 

“It is also our opinion that the data obtained should develop information 
as to the efficiency with which the device is being handled and if it is being 
properly maintained. 

“Your Committee submits herewith various forms of performance reports 
as information for your consideration, believing that the exhibits serve only 
as examples of existing practice,” (I may say that these are copies that I 
secured from different railroads and are actually in service) “and that the 
character of the forms required on any particular railway is subject to the 
nature of the information desired by the officers in charge. 

“Exhibit A — Report for ditchers and drag lines. 

“Exhibit B — Report for mechanical tie tampers, provides for complete daily 
report from foremen, it also has an extension to be filled in by Cost Engineer 
or Supervisor. It includes hand tamping done in connection with machine 
work together with other information necessary in full analysis of the job. 

“Exhibit C — Report of ballast cleaner, with extension for completing the 
data. 

“Exhibit D — ^Report on power rail laying machine. 

“Exhibit E — ^Report showing performance of mowing machine. 

“Exhibit F — Report on spreader ditcher. 

“Your Committee has made special inquiry as to reports on motor car 
performance and has received and considered a number of good forms. How- 
ever, the forms in the Manual, as shown on pages 1468 and 1469, seem to 
meet the requirements as well as any- 

“Conclusion: Maintenance officers should continue to give careful con- 
sideration to the keeping of cost data, not only as to the comparative economy 
of machine and hand labor, but also for the p.urpose of developing the rela- 
tive merits of different machines in the same class. We are of the further 
opinion that such records, properly kept, will be of benefit in securing the 
maintenance of equipment and in assuring its proper maintenance.” 

I may say we had a couple of forms last year that we thought ought to 
be included in the Manual. After talking the matter over with the Com- 
mittee on Accounts, they decided they were not exactly as they should be and 
could not be used for accounting, so probably we will have something that will 
meet with their approval to offer the next time we report. 

Chairman C. R. Knowles: — ^This report is presented as information. X 
move that it be so received and the subject continued. 

Vice-President J. V. Neubert: — ^Are there any questions to be asked on 
this report? If not, it will be so accepted. 

Chairman C. R. Knowles: — ^Thc next report on Organization for Use and 
Maintenance of Tie Tamping Machines appears on page 465, under Appendix 
F. Mr. Holt, Chairman of the Sub- Committee, will present the report. 
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Mr. L. B. Holt (New York Central); — ^Your Committee has prepared a 
concise report supplemented by tables and diagrams of what appear to be the 
best tie tamping practices under general conditions, and suggest in their ap- 
plication that each railroad make such modifications as their special require- 
ments justify. 

We have tried to adhere to fundamentals, avoiding commonplace and well- 
known details. 

Supplemental data will be added in later reports as the need appears, and 
we solicit suggestions to this end. 

Vice-President J. V. Neubert: — ^Is that a progress report? Is there any 
discussion? If there is no objection, it will be so received. 

Chairman C. R. Knowles: — ^The next report, Care of Work Equipment 
when not in use, with particular reference to proper housing, appears on 
page 469 under Appendix G. Mr. Pharand, Chairman of the Sub-Committee, 
will present the report. 

Mr. E. Pharand (Canadian National)*; — ^The Committee went into this to 
quite an extent, I will just read the conclusions on this; 

“(1) It is essential to drain boilers, water reservoirs and tanks on equip- 
ment when not in use. Plugged openings should be installed in the equipment 
for this purpose, and the holes properly rodded when plugs are withdrawn to 
assure complete drainage. 

“(2) The use of oils, greases and anti-corrosive preparations is urged in 
view of the great saving effected in the prevention of rust and corrosion by 
this protection when equipment is in storage. 

“(3) The assignment of track space or sheds for heavy equipment is 
strongly urged in view of the saving ^at may be effected by not having the 
equipment unnecessarily switched.” 

Chairman C. R. Knowles; — ^This report is presented as information, 

Vice-President J. V. Neubert: — ^If there is no objection, and no discussion, 
it will be so received. 

Chairman C. R. Knowles: — ^The next report is on Standard Colors for 
Work Equipment and Motor Cars, which appears on page 470 under Appendix 
H. Mr. Hewes, Chairman of the Sub-Committee, will present the report. 

Mr. F. S. Hewes (Atchison, Topeka & Santa Fe) : — In addition to the 
canvass of railway officials and equipment manufacturers, eis shown on pages 
470 and 471, this subject was also handled with the Safety Section of the 
American Railway Association. 

They consider that yellow for motor cars and light work equipment would 
be the best for the purpose, and that black for heavy work equipment would 
be suitable. The report of this Sub-Committee agrees with the majority of the 
replies received from the various railroad officials. 

As the result of our study, the Committee offers the following conclu- 
sions for the predominating colors: 

“The most suitable colors for use on motor cars and work equipment are 
as follows: 

For motor cars Yellow (medium chrome)- 

For light work equijanent YeUow (medium chrome) 

For heavy work equipmait Black 

*‘The Committee reco mm ^i d s the adoption of tiie conclusions for publica- 
tion in the Manual and that the subject be dibcontinued.” 

Vice-President J. V. Neubert: — ^Does anyone want to offer any discussion, 
particularly on tie tampers? 
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Mr. A. F. Blaess (Illinois Central) : — does not seem desirable to adopt 
for printing in the Manual standard colors for motor cars. All railroads have 
their own standards for painting motor cars, and I do not see any reason for 
adopting a standard color for painting motor cars applicable to all roads. 
They do not have standard colors for painting their passenger or freight cars. 

Mr. F. S. Hewes: — ^This subject was assigned to this Committee and we 
tried to carry out the wishes of the Association. 

Vice-President J. V. Neubert: — ^You still wish to stick to your recom- 
mendation? 

(The motion was put to a vote and carried.) 

Chairman C. R. Knowles: — ^The next report is on Standardization of Volt- 
age and Kind of Current for Use in Electrically Operated Machines and Tools 
for Roadway Purposes, on page 472, under Appendix I. Mr. Hen- 
derson is Chairman of the Sub-Committee and I will ask him to deliver the 
report, 

Mr. P. R. Henderson (Illinois Central) : — This was originally assigned to 
Committee XXII who presented a report in March, 1930. The report was 
referred back to Committee XXII and re-assigned to this Committee by the 
Board of Direction. 

The former Committee reporting on this subject gave the matter a great 
deal of study, and the report contained the views of both manufacturers and 
users. In addition to this, the Committee has the benefit of Committee 
XVIII on Electricity. 

We have arrived at the following conclusions on this matter: 

“(1)‘ Electric current generated by commercial and privately owned power 
plants varies widely, ranging from llS volts to 220 volts, 3-phase, both 25 
and 60-cycle, while direct current ranges from 32 volts as used on passenger 
equipment to 650 volts direct current. 

“(2) Manufacturers of electrically driven roadway machines and tools 
are in favor of standardization of current characteristics except in tools of 
the vibrating or impulse type and electric welding. 

“(3) The voltage most commonly avaUable commercially is 115-volt, 
60-cycle, single phase alternating current as used on lighting circuits, and 
220-volt, 3-phase, 60-cycle current as most commonly used on power circuits. 

“(4) That 115-volt, single phase, 60-cycle alternating current is recom- 
mended for roadway tools and machines, 2 H.P. and less, and that 220-volt, 
60-cycle, 3-phase alternating current is recommended for machines requiring 
more than 2 H.P,” 

Chairman C. R. Knowles: — This report is presented as information with 
the recommendation that the subject be discontinued. 

Vice-President J. V. Neubert: — ^Are there any questions? If not, it will 
be so received. 

Chairman C. R. Knowles: — The next report is on Best Practice of Main- 
taining Labor-Saving Devices on Construction and Maintenance of Way Work, 
and the organization of the necessary supervisory force, which appears on 
page 475, under Appendix J. Mr, Howe, who is Chairman of the Sub-Com- 
mittee, is asked to deliver the report. 

Mr. C. H. R. Howe (Chesapeake & Ohio) : — ^This subject also is one that 
was originally assigned to Committee XXII, presented to the convention last 
March, and referred back to the Committee. Subsequently it been referred 
to this Committee. 
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The chief objection to the report as submitted in 1930 was based on the 
recommendation of the Committee that maintenance of way work equip- 
ment not covered by M.C.B. rules should be concentrated in shops entirely 
independent of the Mechanical Department and under an organization con- 
trolled by the Maintenance of Way Department. 

The report now given follows the same general lines as the one submitted 
by the former Committee, but the recommendation as to the operation of the 
shop is modified to conform to the views of the 1930 convention. The point 
in question is covered by Conclusion 3 on page 478 now reading as follows: 

‘‘(3)) Where there is sufficient work to justify it is preferable that the 
maintenance of equipment not covered by M.C.B. rules should be concen- 
trated in shops controlled by the department that is responsible for the opera- 
tion of the equipment.” 

Conclusions 1, 2, 4, and 5 are virtually the same as were submitted last 
year except that the numerical order has been somewhat changed, and also the 
meaning has been clarified. 

“(1) In order to avoid interruption to working schedules and to lengthen 
the intervals between shop overhaulings, particular attention should be given 
to running repairs and field maintenance. 

“(2) An adequate supervisory force should be employed to insure proper 
maintenance of work equipment, both in field and shops.” 

The third we have already read. 

“(4) Careful consideration should be given to the location of these shops 
to avoid excessive haul of equipment. Where plants already ekist considera- 
tion should be given to the possibility of utilizing these facilities. 

“(5) These shops should be properly arranged for the work to be done 
and equipped with all necessary tools and machinery.” 

Chairman C. R. Knowles: — This report is submitted as information. 

Vice-President J. V, Neubert: — ^Are there any remarks or discussion on 
this report? If not, it will be so received. 

Before this Committee is excused, this is the first year that this Com- 
mittee has been in force, and this subject has been before the Board of Direc- 
tion for several years prior to its installation. We felt that we should throw 
the work now assigned to this Committee into other committees, and we are 
now glad that we have not. It is their first year's report, and they are now 
freshmen. I was wondering in my own mind what kind of a report they 
would give when sophomores, because in a body of thirty-seven men, some Of 
them may be timid, but I know when they work to full boiler pressure they 
are going to give us some very valuable information, not only in regard to 
the application and upkeep, but also the desirability and what kind of equip- 
ment should be purchased. 

I assure you, gentlemen, that this Committee is excused with the thanks of 
the Assodation (A^^dause). 

Mr. E. E. R. Tratman (Engineering News-Rsdord)* by letter: — ^As the 
definitions include “Scraper” and ^‘Spreader,” they mi^t logically include “Bull- 
dozer” and “Track Shifter.” As to “Ditcher,” it seems preferable to otnit 
“Jordan,” but include; “Ditcher, power-shovel type” and “Ditchet, plow type.'* 

Bulldozer— A blade or plow attached to a pole and pushed by horses, or 
to the front end of a tractor or motor truck. Used to level material dumped 
for fil l i n g low ground or wideniiig banks. 

Track Shifter— A power-operated track-car equipped with apparatus td 
shift track laterally or to raise it vertically for ballasting. 


DISCUSSION ON YARDS AND TERMINALS 

(For Report, see pp. 207-220.) 


Mr. H. L. Ripley (New York, New Haven & Hartford) : — ^The report of 
the Committee on Yards and Terminals will be found in Bulletin 331, the first 
report in the Bulletin, on page 201 , 

The first subject, Revision of the Manual, Appendix A, with the permission 
of the Chairman, will be passed for the moment. 

The next subject upon which the Committee is to report, is Coach Yards. 
Mr. H. J. Pfeifer, Chairman of the Sub-Committee, is not present. The 
work of this Sub-Committee for the year has been principally one of 
collaboration with another joint committee representing railway sanitation, 
United States Public Health Service, and the American Railway Association. 
This Committee is expected to get out a Manual having to do with the matter 
of public health in the near future and the Committee on Yards and Ter- 
minals having this matter in hand have been of such assistance to them as they 
could be in preparation for that work. The report is one of progress and for 
information only. 

The President: — ^Are there any questions to be asked concerning that, or 
any discussion of the subject? Xf not, it will be so received. 

Chairman H. L. Ripley: — ^The third subject given to your Committee was 
effect of motor coach service on design and operation of way and terminal sta- 
tion facilities. 

The Committee has no formal report to make. It has collected informa- 
tion and reports progress on this assignment. Mr. Bassett, Chairman of that 
Sub-Committee, is not present. 

Again, the report is merely for information. We expect by next year to 
have something definite to offer to the Association. 

The President: — ^This report is submitted as information, but I am sure 
the Committee would like to have some discussion, if any one feels so in- 
clined. 

Chairman H. L. Ripley: — Gentlemen, this is a very live subject at the 
present time among some carriers. Mr. Bassett would be very glad to re- 
ceive any information or any suggestions that members of the Association can 
give him, particularly in connection with statistics or plans or anything of that 
nature that may have been worked up by representatives of the different rail- 
roads. It would be helpful to the Committee. They have very little to go on 
at the present time. 

The fourth subject, provision for parking and garage facilities for private 
automobiles of railway passengers at passenger terminals and way stations, ap- 
pears as Appendix C on page 209. Mr. Beugler unfortunately was not able to 
be present but he sent a written report. As it is short I will read it because it 
will say what he would like to say much better than I could do otherwise. 

‘*The Sub-Committee has continued work along the same general lines as 
last year. A letter was sent to each of a representative list of railway officials, 
and this year’s progress report in Bulletin 331, page 207, is based on the replies 
received. 
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“The subject of provisions for parking private autos of railway patrons at 
passenger stations is in the tr>'’-out stage and time will be required to determine 
how far the railways are justified in providing facilities at various locations. 
In connection with this situation, the Committee has suggested for next year’s 
work the consideration of parking space provided jointly by the railway com- 
pany and the municipality or some other public body. A few such cooperative 
examples have been reported, which indicate satisfaction to all parties con- 
cerned. The Committee has also suggested for next year a study of designs for 
parking space, designs having regard to the best arrangement for maximum 
capacity on a given area with reasonable spacing of cars, and incidental to this, 
the provision of separate entrances and exits to facilitate safe and convenient 
movements. 

“The President of a large Western railway system is quoted as saying that; 

“ ‘Working with the motor car owner doubtlessly has helped our busi- 
ness. At all of our stations, except one or two in the largest cities, we pro- 
vide free pa rkiTig space for motorists. It is to our advantage to have them 
come to the stations, find parking space readily and board our trains. That 
certainly is better than having them put to great disadvantage in parking, or 
failing to find space at all.’ 

“The Committee will welcome any information relative to this subject from 
members at large who have been confronted with the problem, and their ex- 
periences as to what benefits, if any, have been secured to the railway com- 
pany.” 

This report also is presented for information only. 

The President: — ^This is a. veiy interesting subject, gentlemen, one of quite 
a good deal of importance as having a possible bearing upon the loss of pas- 
senger business or the regaining of some of the business lost to the motor 
vehicle. 

If there is no discussion it will be received as information. 

Chairman H. L. Ripley: — ^The fifth subject assigned to the Committee is 
Effect of Motor Coach Service on Design and Operation of Way and Terminal 
Station Facilities. Mr. Lyford is the Chairman of that Sub-Committee. 

The General Committee considered this more in the nature of a stand- 
by subject to watch proceedings than anything that could be reported upon 
definitely today. Mr, Lyford, have you anything to offer? 

Mr. L. L. Lyford (Illinois Central): — ^As the Chairman has stated, this 
is an assignmait that has been before the Committee for the past two or 
three years. 

Two years ago, and again last year, a report was made discussing some 
phases of this question and showing developments to date. Changes in con- 
nection with the use of motor trucks are slow in developing, and the Com- 
mittee this year did not have sujB5.cient data to find it worth while to submit a 
report. It has collected some data and considered some phases of this subject, 
such as the construction, of produce terminals, which is more or less a recent 
development along this line. It has had difficulty in collecting up-to-date in- 
formation on this subject, and I am sure the Committee would welcome any- 
thing that any of the members can give this coming year that might be helpful 
in adding information to what we now have for a report this coming year. 

We are simply standing by as a Committee watching the situation, ready 
to report anything that is of value when it devdops. 
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Chairman H. L. Ripley: — ^This report, also, is merely for information. 

Subject 6, Hump Yards, Appendix D. This has been the main work of 
the Committee for the past year. The report will be found beginning on page 
210 of Bulletin 331. Mr. R. J. Hammond, Chairman of the Committee, is not 
present, and Mr. G. F. Hand, who worked closely with him, is unfortunately 

m. 

The report is not in shape yet to present as Manual material. The sub- 
ject is a very elusive one, as one can very well understand, particularly where 
retarders are used, when you consider that the rolling resistance of the car 
varies from about five pounds for one car up to twenty-eight pounds for an- 
other and must be handled over the same hump and through the same re- 
tarders. 

The Committee has found it exceedingly difficult to turn the recommenda- 
tions into concrete figures upon which they feel they can stand. Many ex- 
periments have been made and much research work has been done. Mr. Rudd 
has been connected with this work intimately, and Mr. Rudd will tell you better 
than I can about that interesting detail. 

Mr. W. B. Rudd (Union Switch & Signal Company) : — ^What we tried to 
do this year was to get a method for determining gradients in such shape that 
it could be presented to the convention, and that we would at least get the 
reaction of the membership as a whole, not only at the convention, but in 
the succeeding months, as to this method. 

The report also gives certain figures experimentally, you might say. It is 
the idea, provided the method is agreed upon, to try to analyze information at 
hand and such information as is later obtained, in order to give more definite 
figures. The main thing on the method is found at the bottom of page 211, 
and I am just going to read a couple of sentences from that, because if the 
membership at large does not agree with the Committee on the method, it very 
vitally affects our work for the coming year as well as what we have already 
done. 

“In determining the proper gradients, there are two basic conditions to 
be met: 

“(1) The heavy easy rolling car under the most favorable running condi- 
tions (hot weather, following wind, etc.)*. 

“(2) The light hard rolling car under the least favorable running condi- 
tions (cold weather, adverse winds, etc.). 

“Sufficient difference in elevation, or drop, must be provided from the crest 
of the hump to the clearance point of any classification track, so that the hard 
rolling car under adverse conditions will roll into clear on its classification 
track. 

“It is fundamental, however, that cars do not accelerate unduly after 
leaving the last retarder, if damaging impacts are to be avoided, thus the 
gradients that should be provided below the last retarder must be such as will 
result in very little, if any, acceleration of the easy rolling car under favorable 
conditions. 

“Thus the drop from the crest of the hump to the end of the last re- 
tarder should be minus 

“ ‘A* is the amount of drop required between the crest of the hump and 
clearance to insure the hard rolling car under adverse conditions not stopping 
short of clearance. 
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“ 'B’ is the drop required from the end of the last retarder to clearance 
to insure that the easy rolling car under favorable conditions does not unduly 
accelerate.” 

As far as gradients is concerned, that is the crux of the whole situation. 
The other features reported on can be much more easily determined. The 
gradients are the difficult feature. 

I know that the Committee will welcome any suggestions or comments or 
criticisms as to this report, with particular attention to the method that we 
have tried to develop and present as information this year. 

Chairman H. L. Ripley: — ^Assignment 7, Coordination of facilities at rail 
and water terminals. This Committee Is unfortunate this evening in that while 
it has quite a good many members present, the Sub-Committee chairmen are 
conspicuous by their absence. Mr. Smith, Chairman of that Sub-Committee, 
is not present. I know he has collected a substantial amount of information 
and is looking for more. 

Subject 8, Design of airports in connection with railway yards. Mr. 
Hood, of the Akron, Canton & Youngstown Railway, was Chairman of that 
Coxmnittee. He was obliged to resign in the middle of the year, and Mr. An- 
derson of the Santa Fe very kindly took over the assignment, with the stipula- 
tion that he be not required to make a report this year. He hopes and ex- 
pects to have something to present to the Association at its next meeting* 

Subject 9, Scales Used in Railway Service. Mr. Harrison, Chairman of 
that Sub-Committee, will make that report. This is the reason that I asked 
to have Subject 1, Revision of the Manual, passed for the time being. Mr. 
Harrison will handle both subjects. 

Mr. M. J. J. Harrison (Pennsylvania):^ — ^The report of the Committee cov- 
ering Scales is found on page 214 of Bulletin 331. This page outlines very 
briefly a very considerable amount of work done by the Committee during 
the past year, as a result of which the Committee concluded that certain por- 
tions of the present Manual material were unsatisfactory. It would have been 
possible to introduce detailed evidence in the report but it would then have 
been unnecessarily bulky, and it was understood that was what the Board of 
Direction wanted to avoid. The evidence Was all of a negative character. In 
other words, it all tended to show that the existing Manual material was, as a 
matter of fact, not satisfactory for the reasons stated on page 219 of the Bullfe- 
tin. 

For that reason your Committee recommends the adoption of the con- 
clusion stated at the bottom of page 214, to the effect "that the portion of the 
Manual on pages 1031 and 1032, under the heading ‘V— General Specifications 
for Master Scales,^ be deleted.^ 

This motion is made with the expectation that, if it prevails, the Com- 
mttee will undertake to prepare something more acceptable. In the meantime, 
it is felt that it would be better to have a formal record of the deletion of 
this material, even though, as a matter of fact, it will not be erased, but there 
will be a warning flag up to whoever might seek to use such material. What 
is now in the Manual, as a matter of fact, is not ;satis£actory. 

On behalf of the Committee, I move adoption of the conclusion just 
stated. 
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The President:— You have heard the motion, gentlemen. Is there any dis- 
cussion? I take it that the deletion of this material is largely because it has 
grown out of date. 

Mr. M. J. J. Harrison: — On the contrary, the deletion of the material is 
recommended at this time because of the advance that has been made in the 
art, if you please. It is felt by the Committee that we know more about the 
subject now than was known at the time the present Manual material was 
written, and for that reason it is believed that the Committee is in a position 
to prepare something that would be acceptable, and that the material which 
now exists, being unsatisfactory, should be deleted. 

The President: — ^Is there any discussion on the motion? If not, those in 
favor will please say Aye. Contrary, No. It is carried. 

Mr. M. J. J. Harrison: — ^The balance of the report is submitted as in- 
formation, Mr. President. 

The President:— It will be so accepted. 

Chairman H. L. Ripley: — The Committee wants to express its apprecia- 
tion and thanks to Mr. E. E. R. Tratman and to Professor Sadler for the very 
complete bibliography in connection with Railway Stations, Yards, Marine 
Terminals and Airports; in other words, in connection with the work of the 
Yards and Terminals Committee. 

This concludes the report of the Yards and Terminals Committee for the 
year. 

The President: — ^This Committee has done excellent work this year and I 
should like to here express the view that a committee’s work cannot for any 
given year be measured by the amount of material submitted for adoption in 
the Manual, nor even by the volume of matter appearing in the Bulletin, in 
the reports. Much work can be done preparatory to reports in succeeding 
years with definite recommendations which can be accepted. The Committee 
is excused with the thanks of the Association (Applause). 


DISCUSSION ON SHOPS AND LOCOMOTIVE 
• TERMINALS 

(.For Report, see pp. 483-500.) 

Mr. L. P. Kimball (Baltimore & Ohio) : — ^The report of the Shops and 
•Locomotive Terminals Committee is found in Bulletin 333, pages 483 to SOO 
inclusive. 

The Committee this year reports on three of the seven subjects assigned. 
Considerable work preparatory to submitting a definite report at some later 
date has been concluded on the other subjects, but they are not in shape to 
be presented at this time. 

The first report presented is that in Appendix A, Locomotive Washing 
Platforms. That report will be presented by Mr. McBride, Chairman of that 
Sub-Committee. 

Mr. J. S. McBride (Chicago & Eastern Illinois): — ^The report of the Sub- 
Committee appears as Appendix A at page 484. 

A questionnaire, relative to various features of washing platforms, was 
sent to twenty-six representative railroads and twenty-two replies were re- 
ceived. The replies of roads using washing platforms are tabulated in and 
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shown as Exhibit A, which appears immediately following page 500. The re- 
plies received show various types of platforms in use. Plans of some of the 
different types of permanent platforms that have been installed have been re- 
produced for information and are shown on pages 486 to 490. 

The conclusions of the Committee which we are recommending for inclu- 
sion in the IVlanual start on page 485. I shall read the heading of each section 
of the conclusions: Type, Size, Location, Drainage, Lighting, Housing Wash- 
ing Machines, Oil Storage. 

I move the adoption of these conclusions for insertion in the Manual. 

The President: — ^Do the plans on page 486 and 487 go with these? 

Mr. J. S. McBride: — ^No, sir; they are submitted for information only. 

The President: — ^The motion is that the conclusions on pages 485 and the 
top of page 4S6 be approved for publication in the Manual. Is there any dis- 
cussion? 

This is somewhat new subject-matter, I believe, but a good many railroads 
are using washing platforms quite extensively. 

If there is no discussion, I will put the question. 

(The motion was put to a vote and carried.) 

Chairman L. P. Kimball: — ^The next subject, General Layouts and Design 
of Car Shops, will be handled by Mr. Metcalf, Chairman of that Sub-Com- 
mittee. 

Mr. J. M. Metcalf (Missouri-'Kansas-Texas Lines) : — ^The Committee sub- 
mits as information the report on General Layouts and Design of Car Shops, 
which appears on pages 491 to 498 inclusive in BuUetin 333. 

This is a continuation of studies of car shops previously reported in 1921 
and 1925, and outlines briefly the work done by the Mechanical Division on 
this subject and recent developments in car shop design, including some typical 
plans of such shops constructed during the last few years. 

Attention is called, also, to the hazard resulting from the use of inflam- 
mable lacquers and finishes in painting cars, especially where applied by the 
spi-aying process. Reference is made to publications which contain information 
as to the best practice in the design and operation of paint shops to safeguard 
against fire. 

Chairman L, P. Kimball: — This subject is submitted as information only. 
As the Sub-Committee Chairman has said, it is an extension of the work 
previously assigned to the Committee. The Committee finds that the subject- 
matter on the previous report as included in the Manual still holds good as 
its recommendation today. It is offered merely as information at this time. 

The President: — Is there emy discussion of this information on car shops? 
If not, it will be received as information. 

Chair man L. P. K imb all: — ^The next subject reported is Ixxspection Pits. 
This report will be presented by Mr. Lorenz, Chairman of that Sub- Committee. 

Mr. H. C: Lorenz (Cleveland, Cmdnnati, Chicago & St. Louis) : — ^This* re- 
port appears in Appendix C, Bulletin 333. The Committee felt it should con- 
fine itself to a general description of locomotive inspection pits and general 
discussion of design and operation. It is the recommendation of the Com- 
mittee that inspection pits should be rdnforced concrete, well-drained, elec- 
trically lighted in such a manner as to avoid too mUdi glare and too strong 
shadows, that the pff; be located, beyond the coal dock so as to permit suf- 
ficient time to elapse between in^iecitlon and arrival of locomotive at the engine 
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house in order that necessary material may be assembled and prepared to be 
proceeded with upon arrival of the locomotive in the house. The Committee 
is not disposed to make recommendation concerning size of pit, shelter or 
means of communication with points outside the pit as these are questions 
which must be determined by local conditions. 

The President: — That is offered as information. 

Chairman L. P. Kimball: — ^The report of the Sub-Committee is offered as 
information, I might say, largely for the reason that the Committee found in 
their study of the subject of inspection pits that the use of inspection pits 
by the various railroads was by no means general; that there were a few 
railroads using them, many were not, and the information presented represents 
the practice of those who did find them convenient, but the general use was 
not sufficient, in the Committee’s judgment, to justify making a definite rec- 
ommendation for Manual material. 

The President:— there any discussion on this subject? 

Mr. S. E. Shoup (Kansas City Southern) : — On this subject which is one 
on which I have endeavored at length to find some authority, it would seem 
fitting that the Committee for next year be assigned not what I should say 
is a typical engine layout but an ideal one, one to which we could work adapt- 
ing the conditions that would have to be met, the special conditions, to that 
ideal. I earnestly recommend that the Committee be given such an assign- 
ment for next year. 

Chairman L. P. Kimball: — May I ask Mr. Shoup a question? I did not 
quite understand him. Did you refer to a general layout or to the particular 
details of an inspection pit? 

Mr. S. E. Shoup:-— Mr. Chairman, I meant a general layout, not of the 
inspection pit alone but the whole thing. 

Chairman L. P. Kimball: — Of course, the subject handled here was merely 
in regard to the details of inspection pits where they might be used. The files 
of the Association (I am not sure whether it was Manual material or not) do 
include a report by this Committee of a typical or ideal layout of an engine 
terminal several years ago. 

Mr. S. E. Shoup: — I admit that, and I have come across that in my in- 
vestigations, but it isn’t up to date. It differs in so many details from what 
we are doing at the present time that it seems to me it should be revised and 
brought up to date. As for inspection pits in general, we have built several, 
no two of which are identical from either the standpoint of construction or 
location. I think that the whole subject is one that lends itself well to an 
ideal treatment and with the adaptation necessary to meet the local conditions. 

Mr. W. P. Wiltsee (Norfolk & Western) : — I should like to add a word to 
what Mr. Shoup has said. I think an engine terminal that has no inspection 
pit today is certainly way behind time. There are certainly enough used in 
this country at the present time to justify a design for our Manual. There 
are a good many points in connection with an inspection pit that require con- 
siderable study, and I hope the Committee will continue the subject and give 
us a recommendation next year. 

The President: — ^The Committee on Assignment of Work will please take 
note of that discussion. Is there any further discussion? If not, this Appen- 
dix C will be accepted as information. This completes the report of this 
Committee, and it is relieved with the thanks of the Association (Applause) . 




DISCUSSION ON BUILDINGS 

(For Report, see pp. S47-60S.) 

Mr. A. L. Sparks (Missouri-Kansas-Texas ) : — The report of Committee VI, 
Buildings, is found in Bulletin 334 beginning with page 547. Subject No. (1), 
Revision of Manual, is shown in Appendix A. In it the Committee recom- 
mends first the changes in the specified width for freight houses now given 
on page 268 of the 1929 edition of the Manual, the proposed form for which 
reads as follows: "‘Where hand trucks are to be used for trucking freight, the 
outbound house should be not more than 30 feet wide and the inbound house 
should be from 40 to 60 feet wide. 

“Where tractors and trailers are to be used for handling freight, tlie width 
of the outbound house should be from 50 to 60 feet wide and preferably free 
of columns.” 

Second, the Committee recommends that the second paragraph of the spec- 
ifications for roofing given in Specifications for Buildings on page 320 of 
the 1929 edition of the Manual be changed to read as follows: 

“Tarred felts shah be composed of rag roofing felt impregnated with a coal 
tar saturant, and shah weigh not less than 14 lb. per 108 square feet. 

“Asphalt felts shall be composed of rag roofing felt impregnated with an 
asphaltic saturant and shah weigh not less than 14 lb. net per 108 square feet 
for light weight felts or 30 lb. net per 108 square feet for heavy weight felts 
as hereinafter specified. 

“Asbestos felts shah be composed of genuine long fiber mineral asbestos 
impregnated with an asphaltic saturant and shaU weigh not less than 14 lb, 
net per lOS square feet for light weight felts or 60 lb. for heavy weight felts 
as hereinafter specified, 

“Felts may be furnished in widths of 32 or 36 inches. They shall be 
uniform in appearance, free from visible external defects, pliable, and shall not 
stick to such an extenf as to cause tearing when unroUed.” 

This new proposed form is to specify asphalt felts as well as rag felts and 
to distinguish between the lighter and the heavier grades. 

The President; — You have heard the motion, gentlemen. Is there any 
discussion? If not, those in favor of the question will please say “aye”; con- 
trary, “no.” It is carried. 

Chairman A. L. Sparks: — Subject (2), Specifications for Concrete Used in 
Railway Buildings, Collaborating with Committee VIII, Masonry, is shown in 
Appendix B and will be reported by Mr. A. C. Irwin. 

Mr. A. C. Irwin (Portland Cement Association): — ^The specifications for 
coficrete used in railway buildings conform largely to the specifications pre- 
pared by the Committee on Masonry and adopted previously. There are, 
however, certain differences that the Committee on Buildings considers im- 
portant. The specifications are presented at the present time merely as in- 
formation, with the idea that tt^ membership will j^ve them a careful and 
critical reading and give the Committee on Buildings the benefit of that critical 
reading. It is especially requested that the membership review these specifica- 
tions with the idea that they are to pertain to the construction of railway 
buildings. The Co mmit tee, if so instructed, will prepare specifications for 
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concrete used in railway buildings and present them next year for adoption and 
printing in the Manual. 

The President: — ^These specifications are submitted as information. Is 
there any discussion at this time? I am sure the Committee would welcome 
it. 

Chairman A. L. Sparks: — Subject (3), Preparation of Specifications for 
Buildings for Railway Purposes, is shown in Appendix C, and will be reported 
by Mr. F. R. Judd, Chairman of that Sub-Committee. 

Mr. F. R. Judd (Illinois Central): — ^Appendix C, reporting Subject 3, is 
found on pages 556 and 557 of Bulletin 334. The Committee offers for pub- 
lication in the Manual certain specifications which were offered as information 
and published in the Proceedings last year. These are known as Section 19-F, 
Oil Burning Equipment; Section 24-A, Sheet Asphalt Pavements. These spec- 
ifications have now been in existence for a year and it is therefore the recom- 
mendation of the Committee that they be accepted for publication in the Man- 
ual. It is so moved. 

The President: — ^The question is the adoption for publication in the Man- 
ual of the specifications as described in the second from the last paragraph on 
page 556. These were published in last year’s Proceedings and are now offered 
for approval for the Manual. 

I recognize that it is practically impossible to offer discussion on these spec- 
ifications at this time unless you should have a copy of them with you. The 
Association, however, has had the specifications before it for a year, and it 
seems quite certain that if any defects in the specifications had developed 
they would have been reported to the Committee by this time. Is there any 
discussion on the subject? 

(The motion was put to a vote and carried.) 

Mr. F. R. Judd: — The Committee also recommends for publication in the 
Manual Section 24-B, Asphalt Mastic Floors, with one revision, this revision 
lieing found at the top of page 557 of Bulletin 334. The revision reads as fol- 
lows and covers Article 4 of the original specifications: “The mastic slabs 
shall be made from asphaltic cement and well graded, specially prepared min- 
eral aggregate, both as specified hereinafter. The asphaltic cement and the 
aggregate shall be mixed in such proportions that the resulting mastic slab 
shall contain, by weight, from 12 per cent to 18 per cent bitumen. The mastic 
slab shall be delivered to the site of the work in convenient sizes for easy 
handling.” 

The Committee recommends the adoption of specification 24-B, Asphalt 
Mastic Floors, with this revi.sion just read. I so move. 

The President: — ^It fe moved and seconded that specification 24-B for 
Asphalt Mastic Floors, appearing in Bulletin 334, with the revision now sug- 
gested by the Committee, be adopted for publication in the Manual. Is there 
any discussion? 

(The motion was put to a vote and carried.) 

Mr. F. R. Judd: — The rest of the report of this Committee refers to certain 
specifications which were published last year and which are held in abeyance 
for further study, and also calls attention to the fact that other specifications 
are in the course of preparation and will be presented next year. 

Chairman A. L. Sparks — Subject (4), Waterproofing and Dampprooj&ng 
as Applied to Existing Buildings, Collaborating with Committee VIII— 
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Masonry, is shown in Appendix D. Considerable work has been done on this 
subject by this Committee, but the subject has been withdrawn and assigned 
to a Special Committee on Waterproofing, consisting of members of Committee 
VI, Committee VIII and Committee XV, so this Committee does not submit 
a report thereon at this time. 

Subject (5), Various Types of Trainsheds and Factors Controlling their 
Selections, is shown in Appendix E. 

The Committee recommends that this be accepted as a progress report and 
referred back to the Committee for further study. 

The President; — will be so accepted. 

Chairman A. L. Sparks:— Subject (6), Freight House Doors is shown in 
Appendix F. 

The Committee also recommends that the report on this subject be received 
as progress, and that it be referred back to the Committee for further con- 
sideration. 

The President: — ^It will be so accepted. 

Chairman A. L. Sparks: — Subject (7), Standardization of Metal Buildings 
and Parts, is shown in Appendix G, but there has been considerable information 
received since this report was filed. We very much desire to carry the subject 
further and would recommend that it be re-assigned to us. 

The President; — We would be very glad to do that. 

Chairman A. L. Sparks; — Subject (8), Use of Welding in Buildings, Col- 
laborating with Committee XV — ^Iron and Steel Structures, is shown in Ap- 
pendix H, and will be reported on by Mr. Hugo Filippi, Chairman of this Sub- 
, Committee. 

Mr. Hugo Filippi (Common Brick Manufacturers’ Association); — ^The re- 
port of the Sub-Committee on welding may be found in Bulletin 334, pages 
559 to 587. 

The theory and practice of welding are passing through the formative stage 
of the work and new data arising out of research work in the laboratory and 
practice in the field are constantly being developed. The subject-matter of this 
report is based upon the best information available to the Sub-Committee at 
the time the report was written, but the report is not to be interpreted as a def- 
inite recommendation for approval of welding. 

It is suggested that this study he continued as an open assignment for a 
diort time so as to permit the presentation of supplementary information as 
it is developed. 

The Sub-Committee moves that the report be received as information. 

The President; — This is an example of a great deal of painstaking work in 
ma k in g the most of the subject-matter available. I think the Committee is 
to be congralulated on its presentation. 

Is there any discusdon? If not, it will be received as information. 

Chairman A. L. Spades: — Subject (9), Fumi^ the Special Committee on 
Clearances the Information Required by it Pertaining to Buildings, is shown 
in Appendix I. The Buildings Committee has collaborated with the Special 
Committee on Clearances and the Buildings Committee’s report has been incor- 
porated in the special report of the Committee on Clearances. 

Subject (10), Sidewalks and station Platforms, Collaborating with Com- 
mittees VIII, Masonry, and XVII, Wood I>reservation, Appendix J. The Com- 
mittee recommends that Bus subject be reassigised for further consideration. 
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Subject (11), Elevators, Lifts and Escalators, appears in Appendix K and 
will be reported by Mr. O. G Wilbur, Chairman of Sub-Committee. 

Mr. O. G. Wilbur (Baltimore & Ohio) : — ^The report of this Sub-Com- 
mittee is found on pages S88 to 60o, inclusive, of Bulletin 334. 

This report on elevators, lifts and escalators is presented as information. 
It includes a brief description of apparatus available for handling both pas- 
senger and freight vertical transportation. The Committee has made an at- 
tempt to offer solutions to individual elevator problems with which railroads 
may be confronted as this subject is one that is highly specialized. Attempt, 
however, has been made to explain in a general way the various classes of 
elevators and escalators now in use and to briefly describe their operation and 
capacity for service. 

In dealing with the subject of escalators on pages 588 to 590, inclusive, 
only a general study is offered. The discussion touches on the possibilities of 
escalator installations in busy railway terminals. Some idea of escalator opera- 
tion cost is given in Table I on page 589 for comparison with elevator opera- 
tion cost shown at the top of page 591, if such a comparison should be de- 
sired. 

In Tabic II on page 592, there is shown the passenger traffic handling ca- 
pacity of elevators for various speeds, loads and rises in feet. The figures in 
this table take into account time for handling doors, loading and unloading 
passengers and time required for acceleration and retardation of cars. 

The figures in Table III on page 596, covering time to run various dis- 
tances (in seconds), also take into account the time required for acceleration 
and retardation of the elevator car. 

Table IV on page 596 expresses average door operating time, and loading 
and unloading time. This is furnished for use with other data in the report 
for computation of approximate round-trip time of freight elevators in storage 
w'arehouses. 

Table V on page 598 refers to typical freight car platform sizes and their 
relative rated loads. 

Various types of elevators and methods of control are described on pages 
598 to 602, and from pages 602 to 604 there is a general discussion of safety 
devices and the operation of doors and gates. 

The elevatoring of office buildings is briefly covered on pages 604 and 605. 

This subject is one that involves no conclusions and the report is there- 
fore offered as information with the recommendation that it be accepted as 
.such. 

I therefore move the report be accepted as information. 

The President: — ^Is there any discussion, gentlemen? This is some very 
interesting matter on the question under consideration. If not, those in favor 
of the motion will please say, “aye.” Contrary, “no.” It is carried. 

Chairman A. L. Sparks: — President, this concludes our report. 

The President; — ^Tbe Committee is relieved with the thanks of the Asso- 
ciation for its excellent report (Applause). 



DISCUSSION ON ROADWAY 

(For Report, see pp. 165-192.) 

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) The subjects as- 
signed to the Committee on Roadway are given on page 165. The action rec- 
ommended is printed on page 66. To conserve time we will not read them. 

The first subject, Revision of the Manual, is handled by Mr. M. M. 
Backus. Mr. Backus is Chairman of the Sub-Committee whose names are 
shown and which handled the subject. Appendix A (1) Revision of the Man- 
ual, will be presented by Mr. Backus. 

Mr. M. M. Backus (Illinois Central) Bulletin 330, page 167 to 169, Ap- 
pendix A, covers the report now being given. 

The suggestion made in Paragraph (a) is taken care of by the assignment 
for the following year. 

Section (b) contains a suggestion that the term “common excavation” be 
used on page 28, Section 5 of the Manual, instead of the term “ordinary earth.” 

Paragraph (c) refers to methods of snow removal. On page 74, Section 
13, the following words appear: “Salt should be used on switches only during 
that portion of the winter when the snow melts in daytime and freezes at 
night,” 

It is suggested that the following words be added: “except that the use 
of salt for snow and ice removal from station platforms near electrified tracks 
and from switches in electrified territory should not be permitted.” 

In Paragraph (d) a suggestion is made that the definition of “Soft Spot,” 
where it appears in the Manual on page SO, be omitted, as the same definition 
appears on page 23. 

In Paragraph (e) it is suggested that the definition for the word “Borrow 
(notm),” which appears on page 25 under “Grading,” be omitted, as another 
definition appears on page 23. 

I move that the changes suggested in Paragraphs (b) and (c) be ap- 
proved for inclusion in the Manual, and that recommendations made in Para- 
graphs (d) and (e) be accepted. 

The President: — You have heard the motion, gentlemen. Is there any 
discussion? If not, those in favor will please say “aye”; contrary, “no.” It 
is carried, 

Mr. M. M. Backus: — Paragraph (f) contains specifications covering the 
manufacture of concrete fence posts. These specifications were drawn up in 
collaboration with the Railways Bureau of the Portland Cement Association 
and were offered in substitution for specifications appearing on pages 68 to 71, 
inclusive, of the 1929 Manual 

Since Bolletm 330 was printed, some suggestions have been received which 
require consideration. Your Committee feels that the revised spedfications 
should not be submitted for inclusion in the Manual at this time and wishes 
to submit the material appearing under Paragraph (f) as information. 

The President: — That is the material on the next page and one-half? 

Mr. M. M. Backus: — Yes. 

The President: — ^If there is no objection, it will be so received. 

Mr. M. M. Backus — On page 169 of the Bulletin 330, Paragraph (g), sug- 
gestion is made that when the Manual is rewritten, marterial covering spedfica- 
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tions for metal fence posts appearing on pages 57 and 58 under “Roadway’' 
he transferred to a position immediately preceding the material on concrete 
fence posts appearing under Signs, Fences and Crossings on page 68 of the 
Manual. 

The President: — ^That will be taken care of in the rearrangement of the 
Manual. 

Chairman C. W. Baldridge: — ^The second subject assigned to the Committee 
was methods of roadbed drainage, including study of deformations of roadbed 
in the light of data developed by Special Committee on Stresses in Railroad 
Track, with special reference to drainage. 

This subject was handled by Sub-Committee 2. Mr. Fanning, Chairman 
of the Sub-Committee, will offer the report. 

Mr. G. S. Fanning (Erie) : — We are offering for inclusion in the Manual 
the material beginning about the middle of page 170 which starts with an out- 
line of the subject of Roadbed Drainage. This is the outline which we have 
set up to be followed in working up the subject. For this year we have cov- 
ered the outline down through the subject of surface drainage on construction. 
That material follows on pages 171 and 172, 

I do not believe it is worth while to take the time to read it. Almost 
all of it is well-known to everyone. Almost all of it has heretofore been pub- 
lished in the A.R.E.A. Proceedings. 

At the top of page 172 under Side Ditches there is an error in the print- 
ing, for which I am responsible. The last sentence of that article should read: 

“The minimum side ditch should be one foot wide at the bottom and one 
foot deep below sub-grade, with side slopes depending upon the material. Side 
ditches should be constructed and maintained on a true grade, not less than 
0.3 per cent with ample pitch at the outlet.” 

I move that this material, beginning with the outline, and down through 
Paragraph 4 on page 172 be adopted for inclusion in the Manual, replacing 
certain paragraphs which are listed on page 172 in the conclusion. 

The President: — ^You have heard the motion. Is there any discussion? 
The subject of drainage is one that is always with us. It is one that every 
maintenance man should know a great deal about. 

Chairman C. W, Baldridge: — ^It might be interesting to call attention to 
the fact that this subject has been reassigned and will be continued through 
the outline which Mr. Fanning has prepared, and which is found under the 
heading of Roadbed Drainage on page 170. We will continue that work next 
year. 

The President: — ^If there is no discussion on the motion, those in favor will 
please say “aye”; contrary, “no.” It is carried. 

Chairman C. W. Baldridge: — ^Thc third subject assigned to this Committee 
was influences affecting the life of fence wire and methods for preventing its 
corrosion. Mr. Pruett, Chairman of the Sub-Committee, wiU present the re- 
port. 

Mr. W. C. Pruett (Missouri-Kansas-Texas) : — ^Your Committee has made 
a little progress on this subject. This report contains certain information as- 
sembled from tests conducted principally by the Santa Fe Railway and by 
the C. F. Burgess Laboratories, in conjunction with some wire manufacturers. 
There are other tests that are planned and some that are in progress now. 
The Committee feels that much more information can be obtained by a study 
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of these tests and by further information concerning experience of various 
railroads on this subject. 

The report is submitted as information only, and we recommend that 
the subject be continued for further study. 

The President: — ^It will be so received. 

Chairman C. W. Baldridge: —The fourth subject assigned to Ihi^ Com- 
mittee was Permanent Roadbed, and Mr. A. E. Botts, Chairman of the Sub- 
Committee, will present this report. 

Mr. A. E. Botts (Chesapeake & Ohio) : — ^The continued study of this sub- 
ject has not brought to light any new developments, and your Committee, on 
pages 175 and 176 of Bulletin 330, submits the further report of the Pere Mar- 
quette installations at Beech, Michigan, which is offered as information. 

The President : — 1 wonder if anyone in the audience would like to ask the 
Committee any question about this subject. If not, it will be so received. 

Chairman C. W. Baldridge: — Subject 5, as assigned to this Committee 
reads, “Good practices in grading, including making embankment and excava- 
tion by use of various kinds of equipment and by other methods.” 

Mr. H. T. Livingston, Chairman of the Sub- Committee, will present the 
report. 

Mr. H. T. Livingston (Chicago, Rock Island & Pacific): — ^When the sub- 
ject was assigned, no hint as to those features to be discussed was given. Re- 
port submitted does not attempt to specify what shall be done to secure proper 
cuts and emb ankm ents but does outline some of the methods, now in use, that 
have proven to be successful. All information that was received by the Com- 
mittee indicated that contractors cannot be too fully informed before submis- 
sion of bids on detailed work if extra bills, additional payment, and so forth, 
are to be avoided on final settlements. 

I overlooked one feature in going into this, and that is the necessity for 
Engineers, especially those that are charged with the proper use of specifications, 
to give dose attention to require contractors to live up to specifications and to 
know what the si>edfications contain. When we prepared this report, the prin- 
dpal feature uppermost in the Committee’s mind was difiaculties that we our- 
selves were having with contractors’ selection and disposition of equipment. 

The report is submitted for informaton. 

The President: — It will be so received. 

Chainnan C. W. Baldridge: — Subject 6 as assigned to this Committee reads, 
Dr aina ge areas, water runoffs and the proper sizes of waterway openings re- 
quired under varying conditions.” The Sub-Committee handling this subject 
did a considerable amount of work this year, but towards the end of the season 
when it was time to get up the report, Mr. Johnson, who was Chairman of 
the Sub-Committee, was called to Washington on valuation work for his Com- 
pany and ^ unable to prepare a report Therefore, we had no report on this 
subject this year. The subject has been reassigned and will be continued an- 
other year. 

Subjert 7, methods of correcting soft spots in railway roadbed where it 
is impracticable to stabilize by drainage. Mr. Swartout, of the Missouri Pacific, 
was and is Chairman of this Sub-Committee, and had the misfortune of being 
confined in the hospital for several weeks toward the latter part of the sum- 
mer and autumn and was umhle to complete his report for this year. The 
subject has been reassigned and wfil be continued in next year’s work. 
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Subject 8, use of highway crossing plank and substitutes therefor, col- 
laborating with Committees V, Track and IX, Grade Crossings. Mr. Hillman, 
Chairman of the Sub-Committee, is absent, I believe, and Mr. Oyler, member 
of the Sub-Committee, will present the report. 

Mr. E. C. Oyler (Pennsylvania): — ^The subject assigned to this Committee 
is study and report on the use of highway crossing planks and substitutes, col- 
laborating with Committee V, Track and Committee IX, Grade Crossings. 

The Committee’s report in Bulletin 330, Appendix F, page 180, emphasizes 
the need of more definite and authentic information as to the life of different 
materials and also the need of more accurate cost data. Description is given 
of a test being made by the Chicago, Milwaukee, St. Paul & Pacific Railroad 
in Chicago. There is also a report on a steel plate and angle crossing placed 
some ten years ago on the Chicago, Burlington & Quincy Railroad. Some com- 
ments are made on concrete slab and plank installations together with notes of 
practice or experience on three other railroads. There are also comments on 
rail type, bituminous and specially constructed plank crossings. This report 
is submitted as information with the recommendation that the subject be con- 
tinued for the next year’s work. The Committee will appreciate any informa- 
tion sent us giving cost data, life studies, and so forth. 

The President: — That report is submitted as information. It will be so 
received. 

Chairman C. W. Baldridge: — Subject 9, methods of roadway cross-section- 
ing calculations, measurements for monthly and final estimates, etc. Prof. Vaw- 
tcr, Chairman of the Sub-Committee, will present the report. 

Prof. J. Vawter (University of Illinois) : — Appendix G will be found on 
pages 183 to 188. Material contained in this report can be found in various 
forms in several textbooks and it also represents practice on a number of roads. 
The methods of calculation that are here given have proved satisfactory and 
are better than some methods that are used. They are presented more for l:he 
use of the younger fieldmen. This report is presented as information only. 

The President: — Is there any discussion of this matter? If not, it will be 
received as information. 

Chairman C. W. Baldridge: — Subject 10. There was an additional subject 
assigned after the original assignment of this Committee, and it caused a little 
inix-up in the numbers. It covers cause and prevention of heaving of track, 
due to frost action, and maintenance methods while the effects of heaving are 
present, collaborating with Committee V, Track. Mr. C. S. Robinson, Chair- 
man of this Sub-Committee, is not present, and I do not believe there is 
anyone here that was on that Sub-Committee. 

The report of this Sub-Committee is found in Appendix H on page 189, 
Bulletin 330. The report covers the cause of heaving, prevention of heaving, 
giving an illustration of damage to ties resulting from heaving track, and on 
page 190, maintenance methods. On page 191 it gives copies of plans of shims 
and braces used in taking care of heaved track. On page 192 are likewise plans 
for shims. 

This report is offered as information. 

This completes the report of the Roadway Committee with the exception 
of a lecture on drainage, illustrated by lantern slides, which will be given to 
us by Dr. G. E. l^d. 
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Dr. Ladd ran these pictures and delivered his lecture to the Committee 
at one of our meetings last summer, and we found it very interesting indeed, 
and I am quite sure that all of you will be well repaid by staying to see the 
slides and hearing what Dr. Ladd has to say (Applause) . 

Before Dr. Ladd starts his talk I want to add a little to what I should 
have said when I was introducing Dr. Ladd. Dr. Ladd has made a lifetime 
study of drainage subjects as Consulting Engineer on that subject with an 
office in Washington, D. C., and is certainly an expert in this line. I hope 
that everyone of you will find it worth your time to listen to this lecture. 

Dr. G. E. Ladd (Consulting Geologist): — I have heard from many quar- 
ters that this is a limited meeting and I have spent a good part of to-day re- 
vising what I was going to bring to your attention tonight in the interest of 
elimination and limitation. I have a brief statement that to-day I put in writ- 
ing and have had typed in order that I might make it as concise as possible 
before we run our pictures. 

The term ^‘Drainage’’ must be broadened in its definition and significance, 
in three ways: 

(1) It must cover not only water-elimination, but prevention and limita- 
tion of access of water to the natural or artificial earth-mass under considera- 
tion. 

(2) The kind and condition of materials involved must be considered in 
their relations to water. How do they react to water-behavior, to water, either 
as an erosional force, or a lubricating one, or both? Literature on drainage is 
particularly barren and unsatisfactory on this phase of the subject. 

(3) The source, or sources, of troublesome subsurface water must be 
found, in most cases, through correct interpretation of local geological condi- 
tions. 

This is another phase of the question pertaining to materials, a broader 
one, in that it is related often to adjacent formations and their conditions. 

A little progress has been made on a part of these subjects, mainly through 
highway subgrade studies, but as yet, only the surface of them has been 
scratched. 

My talk tonight will stress these aspects of drainage. I can only hope, in 
the limited time I have, to impress upon your minds a picture of the problems 
and something of what they involve. 

In passing, I wish to emphasize the fact that there is great magnitude to 
the money losses annually suffered through lack of perfected control methods. 
I believe them to amount to over ^5,000,000 per year to highways and rail- 
roads. Also the element of safety to trains looms large in this connection. 

We know, and the public knows, how rare are train wrecks in spite of 
the enormous mileage annually traversed. Nevertheless, a considerable propor- 
tion of the few that do occur result directly from the unsolved (or neglected 
lessons from) mysteries l 3 dng in the relationship between materials and water. 
That there are not more accidents is due to the extraordinary precautions you 
effect in train operations, in times of indicated danger. 

The point is, that one preventable accident, resulting from subsidence, slides 
or washouts, is a thousand times too many accidents. 

Given a little more light, there will be no accidents of this class, and im- 
portant economies will result from lowered maintenance costs. 
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Before showing you my illustrations, I wish to say a word or two, spe- 
cifically, about materials, and the ambiguity and error prevalent about them. 

You will find, in drainage and foundation literature, endless simple con- 
trasts drawn between the behavior of sand and that of clay. Unfortunately, 
these terms are generalized. Yet, highly rounded sand, of any size, behaves 
with vital difference from angular sand. Demonstrate it ! Dump on this floor 
a load of broken stone, then a load of marbles, and measure the “angles of re- 
pose” of both, if you can. 

I once found a concealed pocket, beneath a main railroad track, of over 
100 cubic feet, where, perfectly dry, round sand had rolled out and down a 
slope through a hole started by a gopher, and jarred loose by passing trains. 
1 have read many weird explanations of what “quicksand” is. There is no 
mystery about it. It is merely rounded sand, usually fine, under water. 

The shape of clay particles is also vital. Many thin plates in them make 
them capillary and plastic. Clays vary enormously in this respect. Some will 
absorb but little water— others as much as 200 per cent by weight. Some are 
impervious under any natural conditions, and others become so as soon as 
slightly wet and before becoming plastic. 

Colloid content in clays is another matter. 

If the facts stated are true, and the questions raised are pertinent, what 
is the answer ? Not long ago I was discussing these problems with a high and 
widely known railroad official, and he expressed the belief that each case called 
for special interpretation; that generalizations would not help much, and that 
solutions must be found as needed, by individual railroads. I think that view 
does not square with the facts. There is a language, but little known, which 
consists in part of engineering and in part of geology. With it there has been 
drawn by man and nature a complete picture of the problems, and a key to 
their solution. Unfortunately it has been cut up as a jig-saw puzzle and the 
pieces indiscriminately scattered among various railroads. Who has the time, 
opportunity, or inclination to assemble and interpret them? It remains to be 
done. 

Long before ,lhe time of Christ, man had noted certain obvious relations 
between water and materials. So, the parable of Jesus about the wise man and 
the foolish man building on rock and on sand. As to the subject of water- 
cut-off beneath the ground, Julius Caesar closed his Gallic wars by tunneling 
to the sources of a spring and ending water supply to the enemies’ fortified 
camp. 

I shall touch, later, for a minute, on the subject of the occasional fall of 
boulders. 

(Dr. Ladd commented on the lantern slides briefly, as follows.) 

The first set of views will show you moving earth which consists of debris 
resulting from the weathering of shales, and interbedded sandstones or lime- 
.stones. This is a natural slide of which we have thousands, neither made by 
cutting of a stream nor artificially. Very often the problem in connection with 
these is: How much is moving? We have a moimtain, a great hill above us. 
Is the whole coming? I have known of a railroad that moved a four 

i rack system away from a series of slides of that nature, when perhaps the sum 
of ?25,O0O or $30,000 would have ended the trouble because it was nothing 
more tha n a “skin” of earth that was actually moving, or could move. 
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This is another type of accumulative debris, thicker. It seldom reaches 
a of more than fifty feet, because it moves, it is on the move. A great 

deal of the topography of the state of West Virginia has been molded not by 
erosion but by slides. This is a California view and if that type of moving 
earth is not controlled in the early stages, it will constantly progress, particularly 
where it is removed at the ba.se, naturally or artificially. I have seen them 
work back for a mile. 

This is an old d6bris slide that moved again when it was cut into after a 
rainy spell. It cost the railroad company something like one and a half million 
dollars. It was unnecessary, and if there had been available literature on such 
problems it would not have happened. It carried out all the public utilities and 
or 40 residences, and so on. You note a great deal of piling, put in as a des- 
perate, temporary expedient. Of course it was all wasted. 

This is a decomposed shale on the Pacific Coast. It is a famous slide. 
Much has been published about it. You will be interested to note the type 
of piling, and binding together, seen in the foreground of the lower picture. 
The ground is pretty thoroughly riddled with tunnels. It is too long a story 
to tell you about it, but look at the upper left-hand end of the lower picture 
and you see a white area. That is a Gunite job. In some technical articles it 
has been claimed that it cured this slide. But these are the facts: first, it 
has not been cured; second, that work protected an electric structure behind 
it and had no relation to the slide. It is on solid ground, and serves only to 
prevent weathering of shale. That slide heaved up a railroad track and threat- 
ened for years to overwhelm it. You can get some idea of the amount of dirt 
removed from it, by the topographic basin occupied by the slide. 

Speaking of materials, you would hardly expect material like that (a mass 
of large boulders) to move, but if there is enough clay padding in it, of the 
right kind, and the water supply be sufficient, such material is unstable. In 
the State of Vermont that type of slide is not uncommon. 

This is a Mid-western picture, showing 100,000 cu. yd. of earth and rocks 
precipitated upon railroad tracks as a result of widening of roadbed. Double 
tracking and a cut caused this slide. The problem, then, was how much mate- 
rial to remove. When are we safe? 

This is,a topographic map of a slide in the Far West, one of a great many 
from which one railroad suffers. It is the most interesting landslide I have 
ever seen. It is of the glacial type, and, in behavior, has many of the attrib- 
utes of a glacier. It is ISOO feet in length, 900 feet in the widest part, and 
only ISO feet at the discharge end. 

It has been costing the railroad company something like $15,000 to $16,000 
a year for IS years. 

This is a detritus slide. Sere you are looking at a higjhway and rail- 
road, although they are not evident because they are buried. In this 
view they are about 30 feet under the surface. It took 30 days, with power 
shovels working at both ends, to dean 

This is a northeastern view of sidehill slips, and the repair work. There 
was too much pile driving th«:e; I mean in that whole district. 

This is a view of the famous Pittsburgh, slide which moved from a slope 
belonging to the city upon the railroad tracksl I understand it cost the latter 
one and one-half million dollars. I bdieve that $30,000 or $40,000 spent in 
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drainage of the right type would have prevented it. A huge retaining wall, 
and two lines of cribbing went out with the slide. 

We often have upheavals. You get them on highways, you get them on 
railroads, and on trolley lines. This is an example. They are easily preventa- 
ble. 

A case of concrete pavement destruction. I have seen that sort of thing, 
very much worse, extend for two miles of a concrete paved road. Thousands 
of such half-fills “go out.” 

This is a type of road destruction characteristic of the action of many 
slides. 

This is where a railroad was. Parts of track you see in lower foreground 
Here the railroad was located on a slope of shale shattered by a geological fault. 

We jump to another cause here; another type. That fill which you see 
has been moving for years; ever since it was built. The constant presence 
and operation of a steam shovel is necessary. Although the material involved 
is a type of lava, there is a very peculiar mineral that has formed about all 
its fragments. It is called ant igo rite. It resembles, in this form, talc, and 
makes all the rock fragments very slippery. Strange to say, in the same 
mountain range 2,500 miles away I found another slide due to identically the 
same cause. 

We have here the descent of an earth mass upon a track just in time to 
wreck a train. This is a different type of material, not debris; it is an original, 
clay formation; a glacial lacustrine clay which is very dangerous in its behavior, 
and which is very common in a wide region surrounding the Great Lakes. 

Here again is another type. These are the marine clays of eastern Canada 
north of the St. Lawrence River. Most fortunately they are not closely related 
to railroads, because they move on an enormous scale. More than 2 SO lives 
have been lost in such slides. Farms have been moved great distances with 
orchards still upright. Frequently, the movement is through a narrow break 
in a ridge, and up to 85 or 100 acres, from SO to 100 feet deep, move out over 
night. 

At the extreme upper edge of the slide you see a white farmhouse. The 
farmer awoke one morning (everything was all right the night before), and 
ri^t up to the verge of his house was this scene, 35 acres of the farm gone 
to a depth of SO feet. He was not much concerned because he had had a 
worse slide on his property before. He would soon be farming the flat valley 
floor of this slide. 

Here is another type, not so far from Chicago. This, is where material 
squeezes out at the bottom either because it consists of rounded sand, or a 
plastic, wet clay. Ten days after this photograph was taken oak trees that 
liad been in the yard of one of these residences — all very fine places along the 
lake — ^were 20 or 30 feet down. 

The report of one Engineer in regard to the trouble there was to the effect 
that the materials moved out beneath retaining walls, and beneath the level of 
the lake. All the evidence I got in studying a mile and a half of it was that 
the squeezing plane, the bottom of it, was above the level of the retaining 
walls. The movement usually destroying them, but sometimes sweeping over 
them. 

The small oak tree which you see out in the lake, has dropped 100 feet 
vertically, and moved about 260 feet horizontally. It happens to be still erect. 
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Here is another type, not so much related to drainage. I put it in be- 
cause it shows a type of unstable rock. It is a view of a structural slide where 
undercut of dipping strata has been made. Conditions leading to such slides 
are particularly dangerous if, as is frequently the case, there are thin layers of 
clay, or clayey shale, between the hard rock strata. 

This is a view of a 45-degree slope of a massive sandstone, 15 feet in thick- 
ness, with a half inch to an inch of clay between that and an underlying lime- 
stone. Several acres of thi?; massive sandstone slid to the river below. It was 
due to a highway cut. 

Here is a view of a railroad tunnel in the immediate vicinity. When the 
several acres of rock went out, as shown in the preceding view, a great fissure 
formed which runs up diagonally above this railroad tunnel. There is a 
serious menace to the railroad here. If there should occur, locally, one of the 
little earth tremors that we occasionally have, even in the East, an immense 
mass of rock will be precipitated. I think it could be pinned down rather in- 
expensively. 

Here is the result of undermining through an open cut, 2500 feet long, of 
just such a dipping rock slope — a pretty expensive outcome to the railroad. 
The trouble also involved a nearby tunnel. 

This is a natural slide, one of the largest we have had in the United States 
in historical times — 55,000,000 to 65,000,000 cubic yards. Such slides are not 
preventable. It is a structural slide, by the way. 

When you have conditions like this, you can usually locate on the other 
side of the river valley, and avoid the side where such a thing is likely to hap- 
pen. In this case it would not have mattered, because the slide crossed the 
wide river valley and piled up 300 feet high, against the mountain on the other 
side. 

Underground seepage, not so easy to detect in the summertime. This is a 
view taken in a cut, in shales, with associated thin seams of shattered lime- 
stone, at the point where we saw one of the $1,500,000 slides in a train yard. 
That was taken on a hot, sunny day. Nevertheless, the water seepage is 
evident. 

This may deceive you a little (stratigraphic seepage) . Winter is the tinae 
to note how seepage acts because the results are cumulative. If you should go 
to Cleveland and out Euclid Avenue to the little town of Euclid, and on east 
toward Buffalo, you would traverse a road where some winters there are two 
or three feet of ice for a long distance, due to the accumulation of such seepage. 
That gives you an idea of what hapjiens underground when certain strati- 
graphic conditions occur. Geological conditions have to be taken into con- 
sideration when we are going after the source of water. 

This merely shows you how non-continuous such seepage flows are, oc- 
casionally only in spots. 

In Mason County, West Virginia, I was told that the fills (side-hill fills) , 
were going out at regular intervals on a certain new road that had been con- 
structed and concrete paved. I went down to look at it and that was the 
condition I found. Note that the sandstone and shales are regularly folded 
into slight synclines and anticlines. The almost horizontal line across the 
diagram indicates the highway level, and you sec how it cuts across the 
geological structure. It became evident almost instantly that wherever the 
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fills went out, it was where the dips were, because there the heavy seepage 
escaped directly into the fill, but where the upthrows are, the anticlines, such 
water as came through the jointed sandstone fell into the ditch and was carried 
away as surface water. 

We come to another aspect of materials. Here heavy rains have come and 
water has flowed a few inches deep, only, over a railroad track that was bal- 
lasted with light, fine material. That is gone, of course. In this particular 
case it led to a great disaster. 

There are literally thousands of cases of this sort in highways. Some- 
times it is only local; sometimes there are miles of it. 

I put this view in because I am frank to say I do not believe that the 
accident that happened here to a freight train could have been prevented or 
foreseen. Thirty-four cars of a freight train went down that hillside. Topo- 
graphic conditions compelled a stretch of unfortunate location. 

This is a very interesting type of fill subsidence. Three tracks, ulti- 
mately, of the four- track system went out of commission. 

There was a large flow of water from the bottom of that fill. I never 
saw a serious subsidence where the cause (water source) was so obvious, even 
to cursory examination, as it was in this case. On both sides of the fill, on top 
of a shale, massive, impervious, was a thick stratum of jointed sandstone from 
which at various points outside the limits of the fill, springs were then flowing. 
Two pagodas of a little summer resort were supplied with fountains by stick- 
ing pipes under the jointed sandstone bed but I could not get any railroad of- 
ficial concerned to appreciate the significance of this lact. Three thousand 
dollars would have tapped the sources of water trouble, but as they had a 
right to do, another method of control was used. A large culvert7 at a cost of 
$50,000 or $60,000, was extended, and the fill slope reduced. Reducing the 
angle of slope is all right if you are sure the fill is not going to subside in 
spite of the reduction. A large volume of water still flows from the toe of the 
fill. 

This is an interesting diagram of a highway fill. I examined it for the 
highway department of one of our Eastern states, and told its Engineers where 
the water came from, and what they had to do to get it and cut it off. They 
said, *‘We dug a trench there.” “How deep did you go?” “8 feet.” “You 
didn’t go deep enough.” 

They have plenty of money. One day I got a telegram from them which 
read, “Wish you would come out and see what that trouble was. We have 
found it.” 

I went and discovered that at a cost of $60,000 they had removed the 
fill, and the water source was exposed, a dripping coal seam. The water source 
was where I had said it could be found. This view illustrates the source of 
water that saturated that fill. Seventeen thousand board feet of cribbing had 
been put under the pavement in a determined effort to save it, but it was un- 
availing. The lesson is: go to the source of water, and cut the water off. 

This is up near Lake Superior and is an example of the troubles they have. 
They are very serious there, for this type of flocculent, fine, light, clay moves 
with great readiness. 

This is another type of fill subsidence (fills on mucky ground), with 
which you are familiar, as well as the remedies for it. The tremendous up- 




718 


Roadway 


heaval on the sides are not shown, but you know how they occur and what 
has to be done. There are no geological mysteries about it. 

I have introduced this picture, not to show a wreck, but to show what can 
happen, and why, when the approa<di to an abutment goes out during a big 
flood, if conditions are right. 

This is another type. There have been a number of accidents, like this 
one, often where normally heavy rainfalls are not expected. Such accidents 
may occur wherever you have pile or frame bridges, at a time of heavy floods. 
Scouring of materials, under certain conditions, can be affected by the flood. 
I wish to say, before leaving this subject, that I think all of such scouring can 
be eliminated* at very low cost. That matter will have to be taken up in an 
article for publication. 

I said I would mention the subject of falling boulders. I have known of 
three or four people being killed by them, and saw one truck smashed by a 
boulder fall. I have been nearly killed myself by one. I saw a slab of 18-foot, 
7-inch, concrete pavement dislocated at one end two feet, and split for a dis- 
tance of 200 feet by a falling boulder. I know of three railroad accidents that 
have been caused by them. On three inspection trips that I have made on 
railroads, I have pointed out dangerous boulders, and they have been blasted 
and removed. Sometimes boulder falls cannot easily be foreseen, but it is 
worthwhile, wherever you have height, and bouldery or jointed rock ground, 
to make careful surveys. 

In this case (a train wreck), an enormous boulder fell from a height of 
7CX) feet and from a distance of something like that, leaped over a highway, 
took out the two upper strands of a telephone system, struck the outside rail of 
the track, made a sharp V in it and also broke it. It was a most extraordinary 
occurrence. It then bounded beyond the track. 

Here again is our theme: the relation of materials to water. This is a 
most innocent looking little country road, but it had a 9 per cent grade, 
sloping directly to the crossing, with pebbles on it. Heavy rains came. 
Pebbles were washed onto the track, especially just in front of the truck, seen 
in the left foreground. A train going 50 or 60 miles per hour hit them. The 
wheels of the tender jumped the track and 200 feet beyond caused this — (slide, 
showing picture of train wreck)*. Of course the lesson is obvious now, but the 
d i s a ster and its cause are two of the many things that we should keep in mind 
so that such a wreck may never happen anywhere again. 

Here is a bad slide in the suburbs of a very well known Eastern city. The 
control methods employed here are about the worst that were ever under- 
taken. You will note in the left lower foreground the remains of a retaining 
wall 400 feet long. Only a fragment of it was left. The wall, to protect the 
highway, was based on long steel sheet-piling, the object of which apparently 
was to keep the water in the sliding mass and help it to slide more. You see 
a black line traversing the center of the picture and across it. That is more 
sheet piling to hold more water. The rectangular rock mass is a trench drain 
system, put down to a d^th of five feet, and utterly usdess. 

Of course, there are many ways of removing the material that comes upon 
you. In the far West, instead of steam shovels, they very frequently use these 
hydraulic jets and reduce the cost to something lik^ six cents a yard. I am 
running over a few methods of control. 
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One of the most extraordimry things I have seen, when all the evidence 
is massed, is the number of retaining walls that have been bmlt on no sub- 
stantial base. What good is a retaining wall that is not properly founded? 
Also, they may not be so very well built. This one you will note is crumb- 
ling. It had been strengthened, and above it are two rows, enormous ones, of 
cribbing. The whole thing went out. This is one of the slides so famous that 
cost from one and one-half to two million dollars. 

This is another retaining wall. It is one of a great number of failures. 
The far end of it went out, and they substituted, not ordinary piling, but what 
is very largely used in certain Eastern states, re-enforced concrete- filled cas- 
ing; drilling and putting it in. It was started as an experiment and the 
method spread regardless of adaptability. The trouble is there is a lot of 
guesswork, and when we do not quite know what to do, we are apt to follow 
our neighbors’ methods, whether they apply or not. 

Here is a retaining wall, the best type I ever saw. It is 100 per cent, i.e., 
as wide as high. You happen to have in your Proceedings a view of this 
scene Just before this slide happened. Notice break in the wall at the center. 
The far end is shoved out about 20 feet. 

Here is a case of utterly unnecessary building of a retaining wall. Note 
the stratification exposed. Note how close to the surface it rises. There was 
not more than six or seven inches of movable material under the pavement 
which they sought to protect. Lowering the grade slightly here was all that 
would have been necessary. 

So far as wooden piling goes, there are vast forests turned upside down and 
driven into the ground- When you begin using them you never know where to 
end- I have seen ten rows protecting one piece of highway. 

This is a type of clay which, when wet, flows right through piling, as it is 
doing in this case. It is common, for example, in Eastern Ohio. 

Here are some of the reinforced concrete-filled casings which failed. 
Previous to their installation (there is both a highway and railroad involved) 
there had been ordinary wooden piling, not very effective. It ultimately went 
out into the stream. Then this method was tried. At the far end of the 
road you see the beginning of failure. Later it all “went out.’' 

Here are rails used as piling, and some of that type of casing seen in the 
preceding view. It will hold if the critical points of load and water content in 
the given material are low enough. 

Here are some of the old-fashioned cribbings rotting, and giving way (be- 
cause they are in the neighborhood of that type), to concrete-filled casing. 

Here, in the home of it (case-piling), the state that practically gave the 
method birth, is one of the many places where it has failed. Now, instead of 
going after the water, they are building a retaining wall. That will probably 
follow the casing. 

Not infrequently counter loads are put at the base of fills. Both sides of 
the railroad fills that you see on the upper left of this picture are loaded with 
these boulders. It happens that they did no good whatever. 

Here is a tase of the combining of two methods. In this case it worked. 
I might ^lention, here, that dynamiting is frequently a control method. In 
nearly all cases its beneficial effects, if any, are temporary. Another, and often 
successful method that has been tried on many bad fills, is throwing buttresses 
of earth out from the fill. 
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This is a reinforced-concrete cribbing failure. Of course, like any other 
cribbing, it is no better than the foundation on which it rests. In one county 
not so far from here, I saw on one visit over $80,000 worth of it “go out” 
more completely than that shown in this picture. 

North of Lake Erie “runs” form through a type of earth movement, where 
a lowlying stratum gives way, and squeezes out. If there is running water or 
frequent rain, the materials wash away. These runs develop very rapidly, and 
if they are not controlled will destroy an enormous section of farming land. 

This method (control of “runs”) is an excellent one, and where it has been 
tried, has worked splendidly. You see the drainpipe loaded with a few feet of 
fill. This drain takes care of the seepage water, and the system, as installed, 
prevents the removal of material, and extension of the trouble. 

Here is an ideal case of drainage. It is a highway slide. They had one 
from above, and a great section of road went out below when they widened 
the road, added to the load, blanketed the side of the fill, and choked in the old 
outlets of seepage water. I tried to get the engineer in charge to see the point 
and drain it. He was stubborn about it until one day when I happened to be 
there with him, a large section of the road dropped vertically and exposed a 
section of the “solid” from which water was pouring. Then he said, “I am 
ready.” So he put in this trench, down into the “solid,” at a good grade. It 
happened to be for a long distance. A six-inch tile drain was established in 
the solid, and it has flowed about half full ever since. There has never been 
another movement of the earth. 

Thank you very much, gentlemen (Applause). 

The President; — ^Dr. Ladd, I want to thank you on behalf of the Associa- 
tion for this highly interesting and instructive lecture. 

Dr. G. E. Ladd: — ^It is an honor to have been able to be with you and to 
talk to you on this subject in which I am very deeply interested. 

The President: — ^This concludes the report of the Roadway Committee and 
it is excused with the thanks of the Association (Applause)-. 

DISCUSSION ON SIGNALS AND INTERLOCKING 

(For Report, see pp. 627-639.) 

(Vice-President J. V. Neubert in the chair.). 

Mr, W. M. Post (Pennsylvania): — ^The report is found on page 627 of 
Bulletin 334, The first report is on Developments of Automatic Train Control 
and Cab Signals, and will be presented by Mr. EUis, Chairman of the Sub- 
committee. 

Mr, G. E. Ellis (Automatic Train Control Committee) : — ^The report is 
printed in full in Bulletin 334, page 627, and it will hardly be necessary to read 
this in detail. But I should like to call attention to a few developments which 
have taken place since this report was printed. There have been various 
opinions expressed as to the future of train control. The Interstate Commerce 
Commission through the Assistant Director, Bureau of Safety, although I 
think it was unofBdaJty, was b^iind the statement made at the Sign^ Section 
meeting in Hot Springs, Arkansas, last Septenber, m which it was that 
the Commission was entirely satisfied with the results of train control, and was 
prepared to issue additional orders if felt necessary. The meaning probably was 
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it would not issue a blanket order, but in case of serious accidents would call 
to the attention of the earner concerned, by a suggestion that it increase its 
train control or cab signals. 

There have been only one or two suggestions by the Commission since 
then, and no definite action has been taken, but it is certain that the Commis- 
sion has not abandoned the thought of train control where, in its opinion, it 
thinks it is necessary. 

As to the subject of installations under the ordeis of the Interstate Com- 
merce Commission, these have all been completed now and all of the roads 
except four or five have been notified, that their installations, in most cases, 
were satisfactory, and have met substantially the requirements of the Com- 
mission’s orders. There have been a few criticisms made which are now the 
subject of negotiation. These particularly refer to questions of maintenance 
and things of that kind and are in a fair way to be adjusted without difficulty 
in a short time. 

The Automatic Train Control Committee of the American Railway As- 
sociation has been looking into the question of interchangeability of devices. 
We have hardly called it standardization, but the problem is to try to find a 
way in which the different devices can be made to work over the same terri- 
tory. Some progress is being made on that but we have not thought it ad- 
visable to spend a large amount of money as yet on those investigations. 

The Commission has recently been working on some specifications for cab 
signals, involving some definitions, so those shown on page 629 will probably 
be slightly modified in the negotiations which are now in progress. 

As most of you probably know, the Pennsylvania Railroad has been given 
permission, following a petition by that company, to use engines equipped with 
cab signals on train control territory, under certain conditions. The Penn- 
sylvania now has, according to our information, 1192 track miles operated 
under cab signals alone. This is in addition to the mileage which is worked 
under the train control orders. About 200 multiple-unit cabs have been 
equipped for operation under this scheme. 

I should like to read one or two extracts, which may be of interest, as 
indicating the attitude of that body. It is not impossible that other carriers 
may want to take advantage of the same opportunity granted the Penn- 
sylvania. The report was by Division VI of the Commission, Commissioners 
McManamy, Eastman and Lee. There was no dissenting opinion, although 
Commissioner Eastman made a few comments. 

This report was the result of a hearing following a petition by the railroad 
and was held on December 23, 1930. The opinion was decided on February 6 
and released a few days later. The railroad sought approval of the use of four 
indication cab signals operated by what is called the continuous code system 
as installed on the railroad, with a loud whistle sounding whenever the signal 
indication changes to a more restrictive indication and continuing to sound 
until acknowledged by the engineer or fireman. Permission was granted to 
operate in interdivisional runs locomotives so equipped, when said interdivi- 
sional runs cover in part the territory where the orders now in effect require 
the use of automatic stop or train control devices, installed in accordance with 
^edifications prescribed. 

The Commission expressly states in its opinion that no provision of the 
act under which approval of train control is required, applies to voluntary in- 
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stallations, and the Commission further states that its orders of June 13, 1922, 
and January 14, 1924, provide only that installations made according to that 
order shall be subject to approval as provided. 

Further consideration, therefore, was not given to the request for ap- 
proval in the use of this device on divisions not covered by the orders. 

“The testimony presented in this proceeding, based upon experience in 
the use of the cab signal device, is very convincing that its use will promote 
safety, efficiency, and economy of operation. It is believed, therefore, that for 
the above reasons and also in the interest of the further development of the 
art of signaling, opportunity should be afforded to acquire additional ex- 
perience with this device. No more conclusive test could be suggested than 
the operation over the same division of locomotives equipped with the auto- 
matic train stop device and with the cab signal with whistle and acknowledger 
without the automatic train stop device. Therefore, until our further order, 
permission will be granted to operate in interdivisional runs, over territory in 
part equipped with train stop devices, locomotives equipped with four indica- 
tion cab signals (one for the engineer and one for the fireman) with a loud 
whistle which sounds whenever the signals change to a more restrictive indica- 
tion and continues to sound until acknowledged, operated by the continuous 
coder system as installed on the divisions above referred to on the Penn- 
sylvania Railroad. This permission in no other respect modifies our former 
orders requiring installation of automatic train stop devices on certain divi- 
sions and the equipment of locomotives assigned to such divisions with auto- 
matic train stop devices as ordered, and it will in no way relieve the carrier 
from maintaining the automatic train stop apparatus now installed on its 
locomotives in compliance with outstanding orders in accordance with the re- 
quirements of said orders,” 

This quotation from the Commission’s report indicates apparently a very 
open mind on the subject of cab signals, although it restricts the order to the 
direct terms of the petition. 

Commissioner Eastman’s concurring statement, with comments, will be of 
interest: “I have no objection to the conclusion reached that the permission 
sought should be granted, largely for experimental purposes, but I do not en- 
dorse all that is said in the report. The evidence in this case was of an ex 
parte character, presented by a petitioner which is no doubt sincerely convinced 
that this coder system represents the last word in train protection. I am by 
no means convinced of this fact. In my judgment the automatic-stop feature 
introduces an additional element of protection, and the objections which have 
been offered to that feature are quite capable of being overcome.” 

I believe that is all that need be said at this session. 

Vice-President J. V. Neubert: — This report is received as information, 
and I would like to find out if anyone in the audience would Hkp. to ask Mr. 
Ellis or Mr. Post any question. Mr. EUis is Secretary of the Automatic Train 
Control Co mm ittee which has been functioning for several years. 

I know that a great many of you here have read a great deal about 
automatic train control and possibly this cab signal indication which is now 
being used on the Pennsylvania, and they are going to use it more exten- 
sively. 

I assure you that Mr. Ellis, who is well qualified, would be very glad to 
enlighten you on anything you would like to know. 

Yesterday through a certain period I think you were a little bashful in 
regard to asking questions. We had time yesterday and we kind of drifted 
along and quit about fifteen minutes ahead of time. Don’t be modest. Xf 



Discussion 


783 


you want to ask anything, please do so, and the Chair will recognize in case 
you impose on the time of some other Committee. Can I hear from some- 
body? 

I would like to hear from Mr. Wiltsee, who is Chairman of that Auto- 
matic Train Control Committee. 

Mr. W. P. Wiltsee (Norfolk & Western) : — do not know that I could add 
anything to what Mr. Ellis has said except probably to review a little the 
work of the A.R.A. Committee. As most of you gentlemen probably know, 
there has been an A.R.A. Joint Committee composed of five members of the 
Operating, Signal, Engineering, and Mechanical Divisions. This Committee has 
offices in Washington, and Mr. Ellis is Secretary. Mr. Ellis, of course, does 
most of the work. 

During the past two years the Committee has published eight or nine 
bulletins giving a complete history of automatic train control to date, listing all 
the installations and giving complete details. Those bulletins are available to 
everyone, and Mr. Ellis also has arranged for binding. The bulletins or bound 
volumes can be obtained from Mr. Ellis by corresponding with him. ' 

During the past two years especially the Committee had devoted a good 
deal of its time towards interchangeability of the devices. They have a fund 
for that purpose, but just at present they are somewhat handicapped in 
actually demonstrating the interchangeability on various railroads, but the 
work is progressing and results are very favorable. 

Vice-President J, V. Neubert: — ^Thank you. Anybody else? 

Mr. G. E. Ellis: — I would like to supplement what Mr. Wiltsee said 
about the bulletins. These were prepared primarily as a report of the Com- 
mittee’s work to the American Railway Association, but we had printed a 
surplus number of copies and we sell these at just about actual cost. We are, 
of course, desirous of disposing of the extra copies and want to put them in the 
hands of the people who will really be benefited by them. It is as complete a 
treatise, we believe, as has been published on train control, at least in this 
country. 

Vice-President J. V. Neubert: — ^If there is nothing further, the report will 
be received as such. 

Chairman W. M. Post: — ^The second report is found on page 634, Appen- 
dix B, Improvement in Railway Operating Efficiency. This study was made 
by Mr. H. M. Sperry, who is a member of the Association but not of the 
Committee. We are very much indebted to him for the research he made. 
Data was obtained from reports by the railroads to the Interstate Commerce 
Commission. 

The first step in the survey of the situation was a study of the improve- 
ment in freight train performance made during the past ten years by the 47 
railways with annual operating revenues above $25,000,000. 

The roads were divided into three groups on the basis of the ratio of the 
miles of road equipped with automatic block signaling to the main line miles 
of road. 

These three groups are shown in Table I and also in Chart I on page 636. 

Group A comprises roads with a ratio of 60 per cent or more of automatic 
block mileage of road to the main line miles of road. 

Group B comprises roads with a ratio of 30 to 60 per cent, and Group C 
roads with a ratio of 0 to 30 per cent. 
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On Table I, you will notice that the gross ton miles, Group A, increased 
2 per cent in ten years, train miles decreased 9 per cent, and train hours de- 
reased 30 per cent. 

In Group B, gross ton miles increased 23 per cent, train miles decreased 4 
)er cent, and train hours decreased 26 per cent. 

In Group C, gross ton miles increased 38 per cent, train miles in this case 
ncreased 8 per cent, and the train hours decreased 14 per cent. 

In Table II, the first column heading “1919” should be 1929. This table 
shows total miles of road, main line miles of road, and the automatic block 
miles of road, and the ratio of automatic block to main line miles of road 
for years 1920 and 1929. This is shown for the three groups, and the average 
for all of the groups. 

In referring to Chart I, it will be noted that Group A, with an average of 
SS.6 per cent of the main line miles of road equipped with automatic signals, the 
gross ton miles per train hour was 27,817; in Group B, with automatic block 
ratio of 30 to 60 per cent, the gross ton miles per train hour was 24,866; and 
in Group C with automatic block ratio of less than 30 per cent, the gross ton 
miles per train hour was 21,952. 

The report does not show the tractive effort of the locomotives, but it 
was about the same in Groups A and B, somewhere in the neighborhood of 
57,000, and it was somewhat less in Group C. We thought it rather interesting 
that the gross ton miles per train hour was higher in the roads with the greatest 
percentage of automatic signals in relation to their main line mileage. 

It is not claimed that all of the improvement in operating efficiency is to 
the credit of automatic block signals as automatic block signaling was only one 
of the many improvements made by the railways during the past decade. 

Capital expenditures of the railways for improvements for the last ten years 
aggregate nearly $8,000,CXX),000, covering new equipment, roadway and struc- 
tures, additional tracks, heavier rail, car retarders, automatic block signals, 
centralized traffic control, and other items. 

It is, however, claimed that the use of modem signaling systems; auto- 
matic block, centralized traffic control for train operation by signals, inter- 
locking, remote power switches and spring switches, all made their contribution 
to the elimination of train delay and that no small part of the 26 per cent sav- 
ing in train hours is due to the use of modern railway signaling. 

If the railroads had not improved their performance in 1929 over that 
of 1^20, the train hour expense for 1929 would have been considerably greater 
than the amount actually paid out. For example, if a train hour had a value 
of $20, the saving was approximately $275,000,000. 

In Chart I that information is all shown graphically. This report is pre- 
sented as information. 

Vice-President J. V. Neubert: — Does anybody wish to have any discussion 
on this report? 

Mr. J. E. Teal (Chesapeake & Ohio); — ^In reading this report the question 
naturally arises as to what other factors may have an influence on the increased 
efficiency in train operation. I wish to say that the Committee on Economics 
of Railway Operation has made a number of studies along this line and I have 
noted a number of factors that have considerable influence in the economies 
of train operation or the more efficient operation of train service. I will just 
read these items: 
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Extension of and additions to passing sidings on double and single tracks; 
additional double and multiple tracks; grade reduction; improved and heavier 
power; water treatment; large engine tanks; improved maintenance of way 
and maintenance of equipment conditions; improved yard and terminal facil- 
ities; operation of trains against current of traffic on multiple track lines; in- 
creased train loads; and very important, supervision and dispatching. 

All of these also have considerable influence on the conditions of train op- 
eration. 

Chairman W. M. Post: — I think the Committee has made it clear in this 
report that there are many other factors that enter into improved train opera- 
tion. We have mentioned some of them and Mr. Teal has mentioned others. 
However, we do want to emphasize the fact that signals did contribute largely 
to it, and it is at least interesting that Group A has a higher gross ton miles 
per train hour than Group B, and Group B has a higher gross ton miles per 
train hour than Group C. 

Vice-President J. V. Neubert: — ^Is there any other discussion? If not, the 
report will be received as information. 

Chairman W. M. Post: — ^Appendix C, Progress Made in the Use of Modern 
Railway Signal Systems, appears on page 637, with a chart on page 638. Will 
you please refer to the chart? Item 1 is miles of road operated by Class I 
steam railways as of December 31, 1928. Item 2 is miles of road of 47 rail- 
ways. These 47 railways have operating revenues above $25,000,000. Item 3 is 
miles of road, main line, of the 47 railways, excluding branches and lines of 
minor importance, on which it is recognized it will be a long time, if ever, be- 
fore automatic signals will be justified. Item 4 is miles of road of the 47 rail- 
ways equipped with automatic block signals as of December 31, 1929, totaling 
53,717 miles. Item 5 is miles of road. Class I railways, equipped for train 
operation by signal indication on single track and in either direction on multi- 
ple track lines, including centralized traffic control system. That shows 2,185 
miles of road. Item 6 is miles of road, Class I railways, equipped with auto- 
matic train stops or train control devices, 11,541 miles. Item 7 is miles of road. 
Class I railways, protected by visual cab signals. This item includes cab sig- 
nals with automatic stops as well as signals with the whistle and acknowledger. 

This is presented as information. 

Vice-President J. V. Neubert:— Is there any question? If not, it will be 
so received. 

Chairman W. M. Post:— Appendix D, Current Activities of the Signal Sec- 
tion During the Past Year, can be found on page 639. 

The Committee presents a list of twenty reports which can be found in 
the Signal Section literature. I might call a few of these to your attention as 
they may be particularly interesting to the members. 

1. Train operation by signal indication. 

2. Consolidation of interlockings. 

4. Operating results obtained by use of automatic block signals replacing 
manual block on 58.3 miles double track line. 

6. Installation of car retarder system. 

7. Signal protection of spring switches. 

8. Centralized traffic control system. 

14. Five reports on highway crossing protection. 
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We have listed the specifications revised and new specifications. This is 
also presented as information. 

Vice-President J. V. Neubert; — ^Are there any questions? If not, it will 
be so received. 

Mr. H. M. Stout (Northern Pacific): — should like to ask the Chairman 
of the Committee if he is able to state approximately the signal situation of 
the United States as a whole, that is, are the railroads as a whole completely 
signaled, 60 per cent, or what per cent? 

Chairman W. M, Post ; — 1 am unable to state that offhand. The Com- 
mittee wiQ be very glad to look into that question and present it in their next 
report. 

Mr. H. M. Stout: — It is not of any importance, of course, just as a matter 
of interest. 

Chairman W. M. Post: — I haven’t the data in front of me. 

Vice-President J. V. Neubert: — I feel that the Committee has made a very, 
very excellent report. It has covered three subjects contained on page 627, de- 
velopment of automatic control, improvement of operation, progress made, and 
so forth. I believe this Committee feels that they have not acknowledged all 
the improvements in regard to the efficiency in operation, but they have con- 
tributed largely. I think that the improvement and development and the edu- 
cational work that has been done by the Signal Section has retarded the build- 
ing of more main tracks and possibly reducing the yardage and mileage at the 
terminal, because they can get more mass tonnage and movement. 

However, I do feel that they have come very strongly in the alphabet of 
economics of railway transportation. I think their motto is “Lead Kindly By 
Lights.” The Committee is excused with the thanks of the Association for 
their excellent report (Applause). 


DISCUSSION ON RULES AND ORGANIZATION 

(For Report, see pp. 135-149.) 

(Vice-President J. V. Neubert in the chair.) 

Mr. E. H. Barnhart (Baltimore & Ohio)*: — ^The report of the Rules and 
Organization Committee is shown in Bulletin 330, beginning at page 135. 

The first subject. Revision of Manual, will be presented by Mr. Coons, 
the (Chairman of the Sub-Committee. 

Mr. P. D. Coons (Chicago, Burlington & Quincy) : — ^The report of the 
Sub-Committee will be found on page 138 under Appendix A, in Bulletin 330. 

The rules proposed, or modifications proposed, are of a precautionary 
nature. The first three are those pertaining to employees working on or about 
track. 

There is a slight correction to be made to Rule 214. The first word 
should be plural and read “Sledges” instead of “Sledge.” The balance of the 
rules on this page relates to employees working on the maintenance of build- 
ings or structures. 

Since the report was written we have received a suggested change or 
modification for Rule l7l. The suggestion was received from Mr. S. S. 
Roberts of the Finance Bureau of the Interstate Commerce Commission. This 
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Committee and the Committee on Buildings have approved his recommended 
change. The revised rule now reads as follows: 

“Rule 171. Employees must not climb on any ladder nor leave any lad- 
der standing until it is secured against slipping. Emploj’^ees must use a safety 
belt and rope when working outside of windows or on steep roofs.” 

These rules are offered for inclusion in the Manual, and I so move their 
adoption. 

Vice-President J. V. Neubert: — ^Is there any discussion on these rules, or 
any remarks? All in favor please say “aye”; contrary, “no.” It is carried. 

Chairman E H. Barnhart. — ^The first part of the second subject assigned 
to the Committee is shown in Appendix B, covering rules for maintenance of 
wooden structures, and will be presented by Mr. Griggs, the Chairman of the 
Sub-Committee. 

Mr. A B. Griggs (Atchison, Topeka & Santa Fe) • — ^The report of the 
Sub-Committee appears on pages 139 and 140 of Bulletin 330, under Appendix 
B. 

As stated on page 136, the Committee offers for approval and printing in 
the Manual, Rules 1200 to 1220, inclusive, shown in Appendix B — Rules for 
Maintenance of Bridges — Wooden Structures. These rules have the approval 
of Committee VII — ^Wooden Bridges and Trestles. 

These rules were reported to the convention last year in their present 
form, and since the printing m the present Bulletin there have been some 
comments and suggested changes in phraseology, without changing the meaning 
or subject matter. The Sub-Committee has given these consideration but feels 
that since the rules as they stand have been before the convention and the 
Association since the meeting of last year, and have the approval of Committee 
VII, they should be approved as written. 

I move that they be approved for inclusion in the Manual as recom- 
mended practice. 

Vice-President J. V. Neubert: — ^It has been moved and seconded that 
these rules be included in the Manual. Are there any questions? If not, all 
in favor please say “aye”; contrary, “no.” The motion is carried. 

Chairman E. H. Barnhart: — ^The second portion of the second subject 
assigned to the Committee covers the rules for terminal structures other than 
buildings. The report is found in Appendix C, page 140, and will be presented 
by Mr. Kulp, Chairman of the Sub- Committee. 

Mr. B. R Kulp (Chicago & Northwestern) : — ^The rules as worked up and 
reported on by the Sub- Committee for maintenance of other terminal struc- 
tures are found on pages 140 and 141. 

Rules for guidance of employees on maintenance of oil houses, coaling 
stations, cinder pits and turntables have appeared in the Proceedings of two 
previous years as information. They have been gone over with various sub- 
committees. They have the approval of Committees VI — Buildings, XIV — 
Yards and Terminals, and XXII— Shops and Locomotive Terminals. 

The rules pertaining to track scales, 1290 to 1297, have been worked up 
in collaboration with the Sub-Committee of Yards and Terminals and is for 
the first time appearing in this form. 

There has been but one criticism received on these rules, which was re- 
ceived from Mr. S. S. Roberts by correspondence, pertaining to Rule 1292 
which reads as follows: *^Scale parts must be kept clean and free from inter- 
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ference.’’ He felt as though the rule should be enlarged upon so as to 
differentiate the meaning of interference, whether it pertained to interference 
of employees other than employees of the scale department, or whether it per- 
tained to interference of parts of the scale. 

This rule, in the preparation of it, was discussed along those lines very 
thoroughly with the Sub- Committee of Yards and Terminals, and it was the 
consensus of the Sub-Committee to get the rules as brief as possible. We felt 
as though the rule in its present form referred to interference of any kind what- 
soever. I so notified Mr, Roberts, but up to the present he has not had time 
to reply. 

But the Committee of Rules and Organization as a whole discussed it 
and felt as though it should stand as printed. Therefore, I recommend that 
the rules be approved by the Association and included in the Manual. 

Vice-President J. V. Neubert: — ^Are there any questions? 

Mr. W. P. Wiltsee (Norfolk & Western) : — ^There are one or two points 
on this report that I should like to bring out. I notice that under oil houses 
reference is made to the fact that oil storage facilities must be kept thoroughly 
grounded at all times. I do not think we can emphasize that too much. The 
more we learn of stray currents, the more necessary I feel that precaution 
should be taken. 

There is one item under turntables that I do not see covered. Some- 
times it is the practice of an engine house foreman to disconnect the driving 
wheels and probably take out one or two of them, and then have the engine 
moved to another stall, or for some reason taken out on the turntable, and in 
that way concentrate the loads on a few axles, which produces too great a stress 
in some of the members of the turntables, eventually ruining it. I would sug- 
gest that the Committee consider a rule forbidding that practice in a future 
report. 

Vice-President J. V. Neubert: — ^The Committee on Outline of Work will 
be very glad to take that into consideration. 

Is Mr. Harrison of the Pennsylvania here? 

Mr. M. J. J. Harrison (Pennsylvania) : — In connection with the rules 
proposed by the Committee for application to track scales, I should like to 
say as a member of the collaborating committee that the rules have the unani- 
mous approval of that committee. I am glad to join in Mr. Kulp’s recom- 
mendation that they be approved as printed in the Bulletin. 

Vice-President J. V. Neubert: — ^Any other questions? All in favor say 
“aye^^; contrary, “no.” It is carried. 

Chairman E. H. Bar nhar t: — The last subdivision of the general Subject 
(2)* covets the Tn ai ntenan ce of telegraph and telephone lines and appurtenances, 
coUaboratizig witii Telegraph and Telephone Section, A.RA- 

This subject is one which has been before this Committee for two or 
three years, and on page 136, is given the statys of the present situation. I 
hardly think, it is necessary to read it. 

The third general subject assigned to the Committee is to recommend titles 
employed to designate position^ of corresponding rank in maintenance of way 
service, subordinate to that of IHvkion Engineer. The report is shown in 
Appendix D on page 142 and will be presented by Mr. Brooke, the Chairman of 
the Sub-Committee. 
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Mr. Richard Brooke (Chesapeake & Ohio) : — summary of replies to 
questionnaire sent to a number of representative railways of the United States 
and Canada is shown in Appendix D. While some of the titles are not em- 
ployed on a number of the railways, they are either employed on a large 
majority of those replying to the questionnaire or more commonly used than 
equivalent titles of corresponding rank. A number of these titles have been in 
general use by this Association in the past. 

The titles have been listed under two general headings: 

“First, Assistant Engineers — Maintenance of Way Department. 

“(1) Assistant Division Engineer — Engineer who reports to the Division 
Engineer, supervises general maintenance work and acts for the Division En- 
gineer in his absence. 

“(2) Assistant Engineer, Maintenance — Engineer who reports to the Divi- 
sion Engineer, is responsible for the preparation of plans and estimates and 
supervises field and office engineering work. 

“Second, Foremen — Maintenance of Way Department. 

“(1) General Foreman — Supervisory officer responsible for the mainte- 
nance and construction of track on an assigned territory or assigned project. 

“(2)' Section Foreman — Foreman responsible for the maintenance of track, 
roadbed and right of way on a designated territory. 

“(3) Extra Gang Foreman — Foreman of a floating gang engaged in lay- 
ing rail, applying ballast or other track or roadway work usually requiring a 
larger organization than a section gang. 

“(4) Work Train Foreman — Foreman in general charge of a work train 
and a gang handling material and doing other work performed with a work 
train. 

“(5) Welder Foreman — Foreman in charge of building up rail ends, frogs 
and switches in and along the track. 

“(6) General Foreman, Bridges and Buildings — Supervisory officer re- 
sponsible for the maintenance and construction of bridges and buildings on an 
assigned territory. 

“(7) Bridge and Building Foreman — ^Foreman in charge of maintenance 
and construction of bridges and buildings. 

“(8)< Mason Foreman — Foreman in charge of maintenance and construc- 
tion of masonry. 

“(9) Painter Foreman — Foreman in charge of the painting of bridges and 
buildings. 

“(10) Plumber Foreman — Foreman in charge of maintenance and con- 
struction of plumbing. 

“(11) Tinner Foreman — Foreman in charge of sheet metal work. 

“(12) Fence Foreman — Foreman in charge of maintenance and construc- 
tion of fences. 

“(13) Water Service Foreman — ^Foreman in charge of maintenance and 
construction of water service facilities. 

“(14)' Signal Foreman — Foreman in charge of maintenance and con- 
struction of signals and interlocking.” 

It is the sense of the Committee that these are the proper titles to desig- 
nate positions of corresponding rank in maintenance of way service and to 
promote uniformity in nomenclature. Since the report was printed we have 
received criticism by letter from two members of the Association pertaining 
to the titles Water Station Foreman and Signal Foreman. These are being 
considered and we would be glad to receive criticisms or suggestions from 
other members as they will be helpful to us in arriving at a definite recom- 
mendation for next year's report. 

I move that this report be received as information. 
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Vice-President J. V. Neubert:— Any discussion? Any remarks? If there 
are none, it will be so received. 

Chairman E. H. Barnhart:— The material given in Appendix D is what 
this Committee considers a very important assignment, and as suggested by 
Mr. Brooke, we would certainly like to receive more than two criticisms or 
suggestions in so far as they pertain to the titles used in the maintenance of 
way department to preserve uniformity of nomenclature. 

The fourth general subject assigned to the Committee covers rules for fire 
prevention as applying to the maintenance of way department, collaborating 
with the Railway Fire Protective Association. 

The Sub-Committee in charge of this work has done considerable work 
during the year, but is not in position at this time to present a report. We are 
hoping to get sufficient information together and get far enough along with 
the collaboration with the Railway Fire Protective Association so that next 
year we can give you something, at least as information. 

The fifth subject was a new one last year and has to do with the ques- 
tion of registration of engineers, architects and surveyors. 

Last year Mr. Warden, who is Chairman of this Sub-Committee, and also 
connected with one of the state boards of engineering examiners, presented a 
very constructive and informative report on the progress made along this line. 
This work has been continued by Mr. Warden, and we present in Appendix E, 
page 143, for the information of the members of the Association, a proposed 
bin for introduction into state legislatures and general assemblies, to create an 
act to regulate the practicing of professional engineering, land surveying and 
architects in the state. 

This* bill has been drawn with the co-operation of the American Society 
of Civil Engineers, the American Society of Mechanical Engineers, the Ameri- 
can Society of Electrical Engineers, the American Association of Engineers, and 
others, and has been approved by a number of engineering societies which are 
listed on page 137. 

I might state that in going over this matter with the representatives of 
the various national societies, we of course suggested several minor changes, but 
such changes were not accepted and the proposed bill is given as it has been 
drawn by the several societies which sponsored it. 

This is simply given as information, and in accordance with your instruc- 
tions, we will continue to follow up this matter and present to the Associa- 
tion each year the progress being made along this line. 

Vice-President J, V. Neubert:— Is there any discussion or remarks? If not, 
it win be so recdved. ’ 

I do not bdieve any railroad can exist unless it has an organi 2 ation. I 
do not behefve the organization can function unless it has some rules for regula- 
aon, because there are a gr^ many problems in regard to the application and 
use and efficiency in transporta:tion. The Committee is excused for their ex- 
cellent report with the thanks of the Association (Applause). 


DISCUSSION ON RECORDS AND ACCOUNTS 

(For Report, see pp. 501-546.) 

Mr. C. C. Haire (Illinois Central): — ^The Committee’s report is in Bulletin 
333, page 501. 

We have fourteen assignments covering the subject of accounting as it 
affects maintenance, construction, engineering, valuation, impending changes in 
the accounting classification and depreciation accounting, as well as a number 
of subjects of a general nature. 

The first assignment we have is Revision of the Manual. The Committee 
has nothing to report this year, but we are reviewing the material in the Man- 
ual with a view to developing new matters to make the subject of Records 
and Accounts complete. 

The second subject of the Committee is changes or revisions in the I.C.C. 
classification of accounts. There has been no development in this assignment 
this year, so the Committee has nothing to report except that we are watching 
developments so as to be in position to make report next year. 

Our next subject, (3), appears on page 503, and is one covering valuation. 
Mr. Bertenshaw, Chairman of the Sub-Committee, will present the report. 

Mr. B. A. Bertenshaw (Cleveland, Cincinnati, Chicago & St. Louis): — 
The report of this Sub-Committee is in five sections, the first of which consists 
of definitions of terms. There are sixty-one definitions to be found on pages 
503 to 506 in Bulletin 333. All of these definitions, with the exception of two, 
“Index Number” and “Price Trend”, have been before the convention previously 
and may be found in the Proceedings, Volume 29. 

The Committee recommends that these definitions be included in the Man- 
ual, and I so move. 

The President: — It has been moved and seconded, gentlemen, that the def- 
initions appearing on pages 503 to the top of 506 be adopted for printing in 
the Manual. Definitions such as these are not subject to discussion on the 
floor, but the Committee always appreciates any suggestions concerning them. 

(The motion was put to a vote and carried.) 

Mr. B. A. Bertenshaw: — ^The next section is an outline of the methods 
and forms for bringing land valuations to a later date or dates, and this is 
an outline of what is required by the Interstate Commerce Commission as 
outlined in their plan, together with suggested forms for gathering the neces- 
sary data in the field, and the assembling and summarizing of this data in the 
office. The method outlined here follows generally that used by those railroads 
which have made a re-appraisal of their land subsequent to valuation date. 

The third section presents some new forms. On page 724 of the Manual 
there was a form for Roadway Completion Report, hut Supplement No. 5 to 
Valuation Order No. 3, calls for some information that was not provided for 
on that form. The Committee has therefore designed a new form, the principal 
difference being that the new form will separate property retired into that in- 
cluded in the engineering report, and that installed subsequent to the date of 
valuation. 

There are also two new forms submitted, one covering roadway machines 
and the other shop machinery, both of which are intended to collect the in- 
formation required by Supplement No. 5 to Valuation Order No. 3. 
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The next topic is the use of price trends. The fluctuation of prices since 
the war has made it difficult to estimate the value of railroad property at any 
given date on account of the lack of sufficient cost data on all of the almost 
innumerable items that go to make up the property, and the Committee has 
undertaken to show bow price trends may be advantageously used for estimat- 
ing the cost of items or groups of items after the trend or index numbers have 
been worked out. 

The last subject is that of the simplified method for reporting Account No. 
10, Other Track Material. Because of the number of items included in this 
account, the work involved in the reporting and recording is out of proportion 
to the amount of money involved, and the Committee has undertaken to work 
out some scheme whereby the amount of work will be very materially re- 
duced. That study has not gone far enough to make any report this year, 
but will be continued next year. 

These latter subjects are for information only. 

The President; — ^Is there any discussion of these subjects? If not, they 
will be so received. 

Chairman C. C. Haire: — ^The fourth assignment of the Committee covers 
depreciation accounting. I will ask Mr. Ketlenring, Chairman of the Sub- 
committee, to present the progress report of the subject. 

Mr. W. R. Kettenring (Chicago & Northwestern) : — ^While we have had 
many rumors on the subject of depreciation accounting in the last year, there 
has been no public development since the published report of Commissioner 
Eastman in November, 1929, and the appearance of counsel for the President’s 
Conference Committee in answer to that report. The Committee has main- 
tained a working organization in anticipation of the publication of a final report 
on depreciation. 

Chairman C, C. Haire: — The fifth assignment of the Committee will be 
found on page 520 of the Bulletin. This is a new assignment, and we consider 
it a very important one. 

During the latter part of last year this question was made more prominent 
by the Association of Railway Executives delegating the Railway Accounting 
Officers Assodation to look into this subject. We expect to continue the work 
and collaborate with the Railway Accounting Officers Association. Mr. Sha- 
rood, Chairman of the Sub- Committee, will present the report. 

Mr. F. C. Sharood (Northern Pacific) ; — The subject covered by this re- 
port is one which has been discussed formally and informally for about four- 
teen years, and it remained for this Committee to have the temerity to attempt 
to put it in formal shape. 

The report this year covers only a recital of the requirements of the various 
bureaus of the Commission, and a suggestion that the Committee be permitted 
to receive the suggestions of the other nqembers of this Association, the Com- 
mittee recognizing that there are many angl^ to the subject and it is one that 
requires the best thought of all the members of the Association. 

The Committee attempted to work out a plan which met with practically 
the unanimous approval of the Sub-Committee, but we found that we had 
failed, unintentionally probably, to take into consideration the views of many 
other members of the Assodatioii not represented in the Committee, and also 
the views of the Railway Accounting Officers Association, and the views oi 
various representatives of the Presidents^ Conference Committee. 
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We therefore feel that we should be allowed to continue this subject for 
this year, and we also feel that we should receive from you gentlemen and 
members of the Association who are interested in this subject and are respon- 
sible to a large extent for some of the expenditures necessary to carry on tliis 
work, suggestions as to how we can co-ordinate and simplify the various rec- 
ords which we are, under governmental regulation, compelled to keep. I 
therefore ask that the Committee be allowed to continue the subject and that 
the Association be requested to furnish suggestions. 

The President:^ — ^The Chairman of this Sub-Committee requests that this 
subject be continued and that the members of the Association furnish the 
Committee with all the information they can ' regarding the subject. Is there 
any discussion? If not, it is so ordered. 

Chairman C. C. Haire: — ^The sixth assignment to the Committee was: 
Statistical requirements of the accounting, operating or other departments with 
respect to maintenance of way and structures, collaborating with appropriate 
committees. 

The Committee reports progress this year as we wish to collaborate with 
several other committees. This has not been perfected as yet. 

The seventh subject covers: Forms used by railway water service depart- 
ments, collaborating with Committee XIII — Water Service and Sanitation. It 
appears under Appendix D. Mr. D. C. Teal, Chairman of the Sub-Committee, 
will present the report. 

Mr. D. C. Teal (Chesapeake & Ohio): — Sub-Committee No. 7’s report 
appears in Bulletin 333, page 523, and covers the assignment: Forms used by 
railway water service departments, collaborating with Committee XIII — ^Water 
Service and Sanitation. 

In the pursuance of this assignment the Sub-Committee prepared and sub- 
mitted a questionnaire to all of the leading carriers of the country and received 
replies with copies of current water supply department forms from tw'enty of 
these railroads. The questionnaire developed practices ranging from very simple 
reporting methods to intensely developed systems of reporting and recording 
the cost of producing and treating water. Analyzation and study of the forms 
used resulted in a general classification from which the Sub-Committee selected 
the record of cost of water production as the most important. The Sub-Com- 
mittee has endeavored to design a form for this record suitable to present-day 
water service requirements. Direct contact has been effected with Mr. H. E. 
SUcox, collaborating member of Committee XIII and the present form as shown 
on page 324 has the approval of his committee. 

The Sub-Committee presents this report as information with the under- 
standing that the form shown is to be recommended for inclusion in the Man- 
ual at a later date, along with the other water supply department forms that 
have not yet been developed. 

The President: — That report is submitted for information. Is there any 
discussion? If not, it is so received. 

Chairman C. C. Haire:— The eighth assignment wasr Accounting for in- 
dustry tracks in its relation to ownership and contract provisions, collaborating 
with Committee XX— Uniform General Contract Forms. 

Previously this Sub-Committee had submitted a complete report for the 
information of the Association, and the report this year is a slight modification 
of what previously has been publi^ed: 
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It is nothing more than a progress report and is submitted for information 
The Committee desires to continue the subject, however, because it feels that 
it should collaborate with Committee XX before the subject is concluded. 

The report is submitted as information. 

The President: — ^It will be so received. 

Chairman C. C. Haire: — The assignment which was given to the Com- 
mittee under (b) of the ninth assignment, covering annual reports of grade 
crossings, is listed on page 502. Considerable work has been done by the Sub- 
Committee assigned to the subject, but at the' beginning of the year it was 
the understanding that we would wait until Committee IX had developed their 
classification of railway-highway grade crossings, after which we would take up 
the subject. 

The next subject is (10), Methods and forms for maintaining a record of 
changes in jointly owned interlocking plants, with respect to ownership and 
contract provisions, collaborating with Committee X — Signals and Interlocking. 

We have a progress report which will be submitted by Mr. Weymouth, 
Chairman of the Sub- Committee. 

Mr. A. P. Weymouth (Pennsylvania): — ^Mr. President, this report is on 
page 526 of Bulletin 333, and is a new assignment this year. It deals with the 
methods and forms for maintaining records of changes in jointly owned inter- 
locking plants. 

In the past it has been found that a large percentage of the contracts cover- 
ing such plants were silent on ownership. In the valuation of the railroads 
certain complications arose, also in regard to changes made in physical prop- 
erties since the date of valuation. 

In the matter of existing contracts, where there are contracts, of course the 
proviaons must hold as regards ownership, and it is felt that it is very desirable 
in such contracts that the method of ownership should be stated definitely. 

In regard to keeping the record of changes, various methods may be used, 
as shown in the report, such as the investment method, and the method of 
using adjustment unit values, in this way keeping track of the changing per- 
centages of ownership due to alterations by one or more carriers in the joint 
plants. 

There is also the price trend method and the method used by the signal 
engineers on a functional unit basis. 

As this is a new assignment this year, the report is simply submitted as 
information. 

The President: — ^If there is no discussion it will be so received. 

Chairman C. C. Haire: — Subject 11, r^orted upon by the Committee, is a 
very interesting report on the use of mechanical devices for accounting. Mr. 
Powers, Chairman of the Sub- Committee, will make a few remarks. 

Mr. John T. Powers (Eastern Group, Presidents' Conference Com- 
mittee): — The report of this Sub- Committee b^ins on page 528 and extends 
to page 535. We have undertaken to briefly describe various types of machines 
used in offices, particularly the punched card accounting machine. Detailed 
report of that b^ins on page 531, We also describe bookkeeping machines of 
the cylinder type and the flat writing type. 

Our conclusions are reported on page SS5, which briefly are that before 
one can decide what kind of an installation in an office should be made, the 
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volume of the work should be very carefully studied. That, I think, is about 
all we have to report except that the report was made as a matter of informa- 
tion, and we recommend that the subject be discontinued. 

The President: — Is there any discussion? This is very interesting informa- 
tion submitted by this Sub- Committee. If there is no discussion, it will be so 
received, and the Committee on Outline of Work will take note of the Com- 
mittee’s recommendation. 

Chairman C. C. Haire: — ^Assignment 12 will be presented by Mr. Mead, 
Chairman of the Sub-Committee. 

Mr. W. T. Mead (Illinois Central) i^The report of this Sub-Committee 
will be found in Appendix H on page 536 of Bulletin 333. The report was 
prepared in the same manner as last year and is offered to the Association as 
information. 

The President: — ^It will be so received. 

Chairman C. C. Haire: — ^The next subject, No. 13, covers bridge inspection 
report forms. Mr. Mead also is Chairman of that Sub-Committee. 

Mr. W. T, Mead: — ^The report of this Sub-Committee will be found as 
Appendix I on page 537 of Bulletin 333. This subject has been an assignment 
of Committee XI for several years. This year the Sub-Committee obtained 
sample forms from representative railroads, and have prepared three forms for 
bridge inspection which are presented as information. 

We were asked to collaborate with four other committees. It must be 
admitted that this collaboration has not as yet been fully accomplished. It 
seemed best, however, to present something this year instead of giving the 
inference that the Sub- Committee were inactive. 

If any of you have any criticism of the forms we will be glad to receive 
it so that it can be considered by the Sub-Committee and also with the col- 
laborating committees. Or if on further study of the forms any of you wish 
to offer suggestions in writing, I assure you that we will be glad to receive 
them. 

This report is offered as information. 

The President: — ^It will be so received. 

Chairman C. C. Haire: — The last assignment of the Committee, No. 14, 
is a report on the subject of what is transpiring in the field of recapture. 

Mr. Geyer, in the absence of Mr. Silliman, Chairman of the Sub-Com- 
mittee, will present the report. 

Mr. C. J. Geyer (Chesapeake & Ohio): — ^The report of this Sub-Commit- 
tee is in Bulletin 333, on page 542, methods used in recapture proceedings. 

Your Sub-Committee has kept in touch with the Bureau of Valuation ac- 
tivities through the Presidents’ Conference Committee in Washington. Changes 
are rapidly taking place in the methods of handling this problem both with the 
Bureau and the carriers. Further legal decisions may greatly modify the pres- 
ent procedure. 

The recommendation of the Interstate Commerce Commission has been 
Tnfldi* to Congress to change this portion of the Transportation Act. At the 
time this report was made, Congress had taken no action, and, of course, we 
know they have taken no action since. 
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On the following several pages, 542 to 546, there is a brief of the things 
that have transpired in these proceedings up to the time that this report was 
printed. 

This is submitted as information only. 

The President: — It will be so received. 

Chairman C. C. Haire: — That concludes the Committee’s report. 

The President; — ^This concludes the Committee’s report, and it is relieved 
with the thanks of the Association (Applause). 


DISCUSSIOM ON MASONRY 

(For Report, see pp. 325-344.) 

Mr. C. P. Richardson (Chicago, Rock Island and Pacific): — ^The report 
of the Committee on Masonry will be found in Bulletin 332, on pages 32S to 
334. The Committee reports on six subjects: Revision of the Manual; prin- 
ciples of design of plain and reinforced concrete; science and art of concrete 
manufacture; contact with the Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete; waterproofing masonry structures; repair 
of deteriorating concrete. 

I wish to say, however, as there is no action required by the Association 
on the last four named subjects, they will be referred to by subjects only unless 
discussion is desired from the floor. 

The first section of the report deals with the revision of the Manual. I 
win ask Mr, Leonard, Chairman of the Sub-Committee, to present this report. 

Mr, J. F. Leonard (Pennsylvania): — The revision of the Manual as pre- 
sented at this time is entirely a matter of bringing our specification on Portland 
Cement and the testing of Portland Cement up to date in accordance with the 
AJS-TJVI. specification. 

In the report as presented here, there is on page 330 a change to Article 
llj to the new Article 11, as you will see, by rounding off the dimensions of 
the reinforced bars in accordance with the recommended change of the Amer- 
ican Standards Association. It is merely the dropping of the third decimal and 
showing the sizes in two decimals only. 

I move the adoption of the report. 

The President: — This motion carries with it the adoption of the revised 
specifications for printing in the Manual. Is there any discussion? 

Mr. J. B. Hunley (Cleveland, Cincinnati, Chicago & St. Louis) In the 
proposed revision of Article 3, for the fine aggregate, they have changed the 
percentage passing through No. 4 sieve from 100 per cent to 95 per 
cent. That, of course, is desirable. But the grading then jumps to 
the next size of sieve, No. 50. It specifies that not more than 30 
per cent shall pass through a No. 50 sieve. That means, of course, that 70 per 
cent must be retained on the No. 50 sieve, but in very many pits, the particles 
are but sli^tly larger than the No, 50 sieve and this will result in a very fine 
sand and probably a poorly graded sand. 

It has always been my thought it would be much better to include in the 
grading another sieve, say a 16 sieve. 

With this present specification, it is entirely possible to get a sand which 
wiU have a density of only about 60 per cent. If a coarse sieve were included, 
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say a No. 16, and limit the minimum to about 30 per cent or maximum of 
SO per cent, it is quite possible to get a sand having a density of 70 per cent 
or even higher. That is quite important where concrete is proportionated by 
volume, or the aggregate is purchased by volume. It will also be very 
desirable if you were using the sand with a poorly graded coarse aggregate, 
that is, a coarse aggregate deficient in fine particles. 

In the revision of Article 17, the 1500 lb. concrete or the 8 gallon water 
per sack of cement, has been eliminated. I believe there is no one more en- 
thusiastic about dense concretes than I am. But there is a place for 1500 lb. 
concrete and that is in the footings. It is not exposed to the weather. It has 
proven uniform in strength and quality by field tests and we get mysteriously 
high strengths with this 1500 lb, concrete. I think the excess over the required 
strength is probably higher in that class than any other that we use. Fifteen 
hundred lb. concrete probably requires three-quarters of a sack less per yard 
than Class 2000. 

I would much prefer to save that, take it out of the footing and put in 
better concrete above the footings, where it is exposed to the weather. I think 
we will still find many uses for Class 1500 lb. concrete. It should not be used 
at all where it is subject to exposure or deteriorationj but it can be used ad- 
vantageously in other places. 

I think the change in Article 24, time of mixing from one minute to one 
minute and one-half, is very good. 

Mr. B. R. Leffler (New York Central): — Referring to Article 17, in which 
the ISOO lb. concrete is eliminated, I am in accord with the Committee on that 
in that I think they have taken a step in the right direction. I do not think 
the step is quite big enough, I should like to see in these specifications a posi- 
tive declaration to the effect that no more than a certain number of gallons of 
water shall be used per sack of cement for any concrete exposed to freezing 
and thawing. I regard that such a declaration is the most important declara- 
tion that can be made as the governing clause to insure good concrete. 

We have been charmed a little bit too much by the water-cement ratio as 
a means of designating concrete for certain strength. We are coming around 
to a more important viewpoint, that is, permanency of the concrete. It has 
been demonstrated during the last four or five years by many laboratory tests 
made by various state highway departments as well as by the Portland Cement 
Association, that beyond a certain number of gallons of water per sack of 
cement, disintegration becomes very marked. That limit is between 6J4 and 7 
gallons. 

I would like to see a clause inserted as a blanket statement in the proper 
place limiting the maximum amount of water per sack of cement for all con- 
crete exposed to freezing action at 654 gallons per sack. I think we have 
plenty of experimental data to warrant such a declaration. 

As to the possibilities of making concrete under those conditions, in our 
own practice we are limiting the water to 654 gallons per sack. You can make 
mass concrete with this amount of water and use no more than 5 sacks of 
cement to a cubic yard of concrete in place. I do not think any concrete ex- 
posed to disintegration should be built with less than 5 sacks of cement per 
yard of concrete in place. I think the Kansas State experiments show that is 

flhniif th#* liiYiifr. 
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I make a motion to the effect that such a declaration be adopted and if 
ot adopted that the Committee be instructed to bring in a proper declaration 
1 the next report. 

Mr. J. F. Leonard: — ^In connection with the remarks by Mr. Hunley and 
ilr. LefSer on the revision of the Manual, the first criticism of Mr. Hunley was 
n regard to the sizes of the sieves for the grading of the aggregate. The sec- 
>nd was in regard to the elimination of ISOO lb. concrete. Mr. Leffler re- 
narked in regard to the question of the maximum amount of water. 

In regard to the size of the sieves, it is my understanding that all specifica- 
tions use just these size sieves. It is the feeling of the Committee that it is ad- 
visable to stick to that because that is the size used in standard practice. 

In regard to the question of the elimination of ISOO lb. concrete, the Com- 
mittee, I think, undoubtedly feels very strongly on the fact that with the pres- 
ent strength of Portland cement it would be most inadvisable to continue using 
1500 lb. concrete under any circumstances. But in regard to that question and 
in regard to the question of the limit of the amount of water per sack 
of cement, I should like to refer both of these to Mr. Walter, who is Chairman 
of a Sub-Committee which really handles those subjects. I will ask Mr. 
Walter to make further answer. 

Mr. L. W". Walter (Erie): — ^If those of you who have Bulletin 332 will 
refer to page 335 you will find outlined the problems of study for the ensuing 
year as delegated to Sub-Committee 3 on progress in the Science and Art of 
Concrete Manufacture. We are now concentrating on factors affecting durabil- 
ity. There are other factors affecting durability of concrete that are not in- 
cluded in this year’s program for study. We think that the program is suf- 
ficiently broad to keep us busy even though it is not all inclusive. Although the 
report of Sub-Committee 3 was submitted for information only, I will refer to 
it and, with your permission, will read from it: “During the past year, the 
Sub-Committee has endeavored to maintain contact with various organizations 
and societies which, through special bureaus or committees, are organized to ob- 
serve and study the performance of concrete structures in service and to carry 
on research work, the result of which gives promise of material aid in the solu- 
tion of problems under way.'’ 

Members of this Sub-Committee have been instrumental in introducing 
some of our special problems as subjects for study by technical committees of 
other societies. Some have been taken up with Committee C-9 of the American 
Society for Testing Materials and some with the American Concrete Institute. 
The Committee, throu^ our As.sociation, has representation on the Joint Com- 
mittee on Concrete and Reinforced Concrete and I understand the Joint Com- 
mittee will give serious thought to factors affecting durability of concrete. Your 
Co mmit tee is organized, we think, to tune in on everything that is being broad- 
cast on any wave-length. 

Time was when we could, with more dependability’ than we to-day, 
place confidence in strength of concrete at the 1 and 28 day periods as a 
measure of its esuduring qualities. 

In the manufacture of cements the tendency in recent years has been 
toward the stepping up of thdr strength-giving^ quality at the early periods. 
Presait-day cemente give higher strength results at 7 and 28 days than was 
dbaracteristic of cem^ts made 10, 1? and 15 years ago. 
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We know something of the performance of concrete under different condi- 
tions of exposure in structures made of the 1:2^:S mix, requiring, with the 
average materials, about 5 bags and of the 1:2:4 mix, requiring with the aver- 
age materials, about 6 bags of cement per cubic yard. 

We are also familiar with the materials used, the construction methods and 
the manipulation of the concrete in many structures, some of which are disap- 
pointing. 

It is the intent of your Committee to respect the water-cement ratio law, 
studying particularly what we would call the cement-water paste, the extent 
to which it is necessary to dilute this paste to give suitable workability to con- 
crete with a given cement factor and the limit beyond which we must not go 
in attempting to economize in the use of cement. 

So far as the protection of this Association goes, I do not feel that we are 
prepared to promulgate any fixed recommended practice at this time as to the 
class of concrete that is best suited to withstand various conditions of exposure. 
It is important, however, that we reverse our former views and, instead of de- 
signing for strength, design concrete first for durability. If the strength is not 
then sufficient to meet the strength requirement, as such, we must increase the 
cement content, and lower the water-cement ratio sufficiently to secure the re- 
quired additional strength. We will then have durability plus rather than 
strength minus. 

I believe your Committee can work out these problems, and I hope that 
we will by next year be able to submit definite recommendations and give you 
the best information available, based on what is considered the best recom- 
mended practice, as we get the recommendations from seemingly the best 
sources; from those who are best qualified from the standpoint of experience^, 
and with facilities for investigation and research. So if you will bear with the 
Committee for one year, we expect to give you something quite worth while,. 
If by that lime we are not able to do so, we will be sadly disappointed. 1 
think we will be able to do what we hope to do. 

Mr. J. B. Hunley: — ^I should like to correct an impression apparently left 
by my former remarks, that is, that I would think of using this 1500 lb. or 8 
gallon concrete, in exposed service. That is not my idea at all- I agree with 
Mr. Leffier that concrete for exposure should even be better than the 7 gallons 
per sack of cement. I am not particular about the strength. Any concrete 
that is built with a reasonable cement-water ratio would have sufficient strength. 
For higher strength, such as the .3500 lb. class, you have so little water that you 
are assured of density and durability, if the aggregates are sound. I would not 
advocate that 1500 lb. concrete be used in exposed work. If it is included, I 
think it would be well to limit its use by a statement to the effect that it may 
be used only where it is not exposed to the weather. 

All I had in mind was that in many places it can be used, and what saving 
there is in cement can be used to better advantage in the next class of concrete, 
and perhaps cut that down to gallons per sack. 

As to the question of fine aggregates, this range of sieves, so far as I know, 
first appeared in the Joint Specifications for Concrete. In our laboratory we 
made a great many tests on sands of different gradings, and we found we got 
very poorly graded sand of very low density with just such a specification. We 
found it quite necessary in our specification to put in the next size sieve, the No. 
16 sieve, to get dense sand. 
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Mr. W. P. Wiltsee (Norfolk & Western): — It is not entirely clear to me 
just what the Committee is recommending. They start off with specifications 
for Portland cement, with no division between pages 329 and 330. They get 
into specifications for concrete. Has any action been taken on their recom- 
mendation for specifications for Portland cement? That, I understand, they 
are recommending to be printed in the Manual. If I understand the discussion 
which has been on concrete, they are submitting that as information only. 

Mr. J. F. Leonard: — In reply to that, it is a recommendation that every- 
thing which is in this report is in the form of revisions to the Manual. 

Perhaps, if the Chairman so agrees, the simplest way to bring the entire 
matter to a head would be to move the adoption in parts instead of in whole. 
Therefore, I move that the Association adopt the revision in present Article 6 
of the Manual as shown in the report; the addition of proposed Article 16 as 
shown in the report; the addition of the proposed note to Article 28; the re- 
vision in Article 31 as shown in the report; the proposed addition to Article 33 
as shown in the report; the proposed addition to Article 35 as shown in the 
report ; the proposed addition to Article 45 as shown in the report ; 
the proposed addition to Article 47 as shown in the report; the pro- 
posed revision to Article 52, the proposed addition to Article 56, and also due 
to the inclusion of new Article 16, all numbers 16 to 57, inclusive, be renum- 
bered 17 to 58, inclusive. 

That covers the question of the changes in specifications for cement and 
for the testing of Portland cement. 

Then, if the Chair so agrees, after the vote is made on those I should like 
to make a motion in turn in regard to these questions which have been under 
debate on the floor. 

The President: — ^Does that satisfy you, Mr. Wiltsee? 

Mr. W. P. Wiltsee:— Yes. 

Dr. A. N. Talbot (University of Illinois) : — I should like to know if that 
carries with it the changes in the report (revision of recommended practice). 
On page 325, under “Action Recommended”, No. 1 is “That the changes in 
the Manual in Appendix A be approved and that the complete Specifications 
for Portland Cement, as revised, be printed in the current supplement to the 
Manual.” On page 327 the heading is “Specifications for Portland Cement”, 
Then in the next paragraph below: “The proposed revisions of the present 
recommended practice are as follows”. Could we not have a heading in Ap- 
ixmdix A for the Proceedings that would indicate that Appendix A covers 
more than the matter of Portland Cement and includes such matters 
as reinforcing bars, aggregate and the mixing of concrete. Does the 
recommendation No. 1 include only Specifications for Portland Cement or is it 
intended' to Tnclude the additional matters? 

Mr. J. F. Leonard: — In answer to Professor Talbot’s criticism, I would 
say that in editing the report we did neglect to make that distinction, and it 
is our purpose to make the distinction in printing in the Manual. 

The Preddent: — Is there any further discussion? Your motion is a sub- 
stitute for your first motion? 

Mir. J. F. Leonard: — I withdraw the fixst motion and I make the second 
motion, which is in regard to the particular article revisions which I have read. 
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The President: — ^The question is on the substitute motion. Is there any 
further discussion? If not, those in favor will please say “aye”; contrary, 
“no.” It is carried. 

Mr. J. F. Leonard: — ^The next item is the proposed revision in Article 3 
of the Manual which changes the percentage passing through the No. 4 sieve 
from 100 to 95 per cent, and makes no other change. 

I move the adoption of the revision as shown on page 330. 

Mr. W. P. Wiltsee: — I should like to ask if these recommendations are in 
accord with the Joint Specification for Portland Cement and Concrete of the 
various associations. 

Mr. J. F. Leonard; — ^Wc are trying to co-ordinate our Manual with the 
specifications of other associations. Of course, the Joint Committee report is 
now about six years old, and a new Joint Committee is now starting on this 
very same subject. 

I can not advise you, without looking the matter up further, as to whether 
this agrees with the old Joint Committee report or not, but I believe it does 
agree with a number of other practices as they have been brought up to date. 

The President: — ^You have beard the motion, gentlemen. Is there any 
further discussion? If not, those in favor will please say “aye”; contrary, 
“no.” Those in favor of the question will please raise their hands; those op- 
posed will please raise their hands. The motion is carried. 

Mr. J, F. Leonard: — I move adoption of the revision in Article 11, which 
is merely the reduction of the areas to two decimals instead of three, to agree 
with the Standards Association’s recommendation. 

I want to draw attention to the fact that in the revision we still left in 
the third decimal, although we made it a zero in each case, and it is the inten- 
tion in the publication of the Manual to leave that zero out. 

The President: — You have heard the question, gentlemen. Is there any 
further discussion? If not, those in favor will please say, “aye.” Opposed, 
“no.” It is carried. 

Mr. J. F. Leonard: — I move adoption of the recommended revision in Ar- 
ticle 17, as shown on page 331, 

Mr. H. C. Crowell (Pennsylvania): — ^I think Mr. Hunley has the best of 
the argument. There certainly are some places where IS 00-lb. concrete can 
be used, and for the Committee to bring in a report which states either directly 
or by inference that ISOO-lb. concrete must not be used anywhere, I think is 
wrong. I fear we are losing sight of the old definition of an Fngineer. 

Mr. B. R. Lefiler:— I think this can easily be taken care of by a qualifying 
clause to the effect that concrete of the qualifications named should be con- 
crete exposed to freezing action, I am satisfied with Article 17 as revised, in 
view of the remarks made by the Sub-Committee Chairman to the effect that 
the Committee will bring in next year a positive declaration on the maximum 
amount of water to be used, which I hope will be six and one-half gallons. 

Mr. H. C. Crowell: — ^If we are going to have further revisions in the 
Manual next year, why should we hurry to make this change this year, espe- 
cially in view of the fact that it was not particularly called to our attention in 
the program of the Committee or by any sub-heads or in any other fashion? 
I think it may have beai overlooked by a great many of us. 

Mr. M. Hirschthal:— I think the gentlemen are exaggerating the value of 
the 1500-lb. concrete. The difficulty of getting concrete of the durability and 
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of its required strength is not in the concrete that goes into the mass. You do 
not have any difficulty with contractors putting too much water in that type 
of concrete. If you tested that concrete as thoroughly as you do the reinforced 
concrete, on which so much importance is placed, you will find that it runs 
considerably higher than you figured on. It has been my experience that the 
contractor will use 55^ gallons of water per bag of cement in mass concrete. 
It is only with the reinforced concrete that we have difficulty, and the 1500- 
Ib. concrete has no place in the specifications, particularly in view of the fact 
that we have the high strength cements as now furnished by the cement com- 
panies. 

Mr. J. B. Hunley: — ^If he is using 514 gallons, he is not using class ISOO-lb. 
concrete. We all know that the ISOO-lb. concrete is stronger than is necessary 
in footing courses. 

As I said before, I am not especially interested in the strength, but I am 
interested in the durability. If we eliminate l500-lb. concrete, as Mr. Leffler 
suggested, and simply say that these other classes apply to uses of concrete in 
exposed plac^, that is all right except it does imply that you should not use 
1500-lb. concrete; and if iSOO-lb. concrete is to be used by inference or other- 
wise, there should be some limit as to the amount of water used in such con- 
crete. 

The President: — ^Is there any further discussion. If not, the question is on 
the motion. 

(The motion was put to a vote and lost.) 

Mr. J. F. Leonard: — would like to make this remark in connection with 
it, that I personally feel the Masonry Committee wiU make the same recom- 
mendation next year and keep on making it until it is adopted. We are in 
hopes that the Association will finally agree with us. 

I move the adoption of the revision in Article 24 which changes the mini- 
mum time of mixing from one minute to one and one-half minutes. 

The President: — ^Is there any discussion? 

(The motion was put to a vote and carried.) 

Chairman C. P. Richardson: — ^Although the time is short, I do want to 
make one comment in sympathy with Mr. Hunley ’s remarks. The insistance of 
the Committee for this change in the grading of the fine aggregate was due to 
the practical impossibility of any sand meeting the specification now in our 
Manual. In other words, we should have some leeway. I am glad Mr. Hunley 
brought up the other subject, and the Committee will be glad to give that con- 
^deration. 

The second subject of the report this year is on the Principles of Design 
of Reinforced Concrete Arches apd Transmission Poles, and I will ask Mr. 
Hirschthal to present this. 

Mr. M. Hirschthal: — ^The Committee on Masonryj through its Design Com- 
mittee having completed the review of the specifications of the Joint Com- 
mittee on Concrete and Reinforced Concrete, now proceeded on the self- 
allotted ta sk of providing a specification for the design of every type of con- 
crete or reinforced concrete structure, and this year presents two items, one 
of which is that on the desi gn of transmission poles, on page 334, Exhibit A, 
which it recommends for adoption for printing in the Manual, and the second, 
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that of the principles of design of arches of plain and reinforced concrete which 
is really a progress report giving the subject covered thus far with the hopes 
of completing the specification for next year. 

I move for the adoption of Exhibit A, principles of design of concrete 
transmission poles, for inclusion in the Manual and printing as recommended 
practice. 

The President: — ^You have heard the motion, gentlemen. Is there any 
discussion? 

Mr. E. F. Gathers (Missouri Pacific) : — would like to inquire if Article 13 
is supposed to take care of the snap load. 

Mr. M. Hirschthal: — Yes. 

The President: — ^Is there any further discussion? 

(The motion was put to a vote and carried.) 

Mr. M. Hirschthal: — ^The other subject is that of design of concrete arches, 
-which is presented as information, with the only correction that on page 333 
the parenthesis for the formula for impact should be omitted as not necessary. 

This is presented as information only. 

The President: — ^It will be so received. 

Chairman C. P. Richardson. — ^The Committee makes progress reports on 
the remaining four subjects listed on page 325, and unless there is some dis- 
cussion desired from the floor we will not refer to these reports, and I will move 
they be received as information. 

The President: — If there are no questions to be asked or discussion on 
these subjects, they will be so received. It is so ordered. 

Chairman C. P. Richardson: — ^That concludes our report. 

The President; — ^The Committee is excused with the thanks of the Associa- 
tion for this excellent report (Applause). 


DISCUSSION ON RIVERS AND HARBORS 

(For Report, see pp. 607-626.) 

Mr. E. A. Hadley (Missouri Pacific) : — Our Committee is divided into two 
sections, one on Rivers, of which I am Chairman, and the other on Harbors, 
of which Mr. Kirkbride is the Chairman, but who is not present. 

In order to conserve time I will call on only one of the Chairmen of the 
Sub- Committees to present report of that Committee, and I will give the 
balance myself. 

We were assigned twelve subjects. The first is that of Definitions of 
Terms. I will call on Mr, W. C. Swartout, Chairman of the Sub-Committee, 
to present that report. 

Mr. W. C. Swartout (Missouri Pacific): — ^In presenting the definitions of 
terms on rivers and harbors work, we have attempted to include only those 
terms which are in general use. The meaning which has been given is that as 
understood in the region where the term is in most general use. While a great 
deal of very earnest thought has been given, it is appreciated that there may 
be suggestions or criticism, which I can assure you will be welcomed by the 
Committee. 



804 


Rivers and Harbors 


Recognizing the appropriateness of the rule of the Association that defini- 
tions are not subject to debate, we are presenting these as information at the 
present time, to be revised as may be found desirable during the ensuing year, 
and to be offered for adoption at next year’s convention. They are, therefore, 
something for the membership to shoot at and we are hoping that there may 
be very general target practice, both as to phraseology and of additional words 
or terms which you think should be defined by this Committee as applicable 
to the work included in rivers and harbors construction and maintenance. 

We are in receipt of one such criticism from Mr. E. E. R. Tratman, West- 
ern Editor of Engineering News-Record, to which we will give very serious 
consideration, and we earnestly hope that there may be many other such 
criticisms. 

The President: — ^This information will be so received. 

Vice-Chairman E. A. Hadley: — On the second and third subjects, Methods 
for Protection Against River Bank Erosion, and Types of Construction for 
Levees and River Dikes for Flood Protection, the Committee recommends that 
these two subjects be continued open for further investigation and, as the art 
progresses, further reports be made. 

The President: — ^They will be so received. 

Vice-Chairman E. A. Hadley: — On Subject 4, Specifications Covering the 
Several Types of River Bank Protection and Levees in Common Use, the Com- 
mittee recommends that specifications for levees submitted with last year's 
report as Appendix A-c be accepted and approved for printing in the Manual, 
and the specifications herewith submitted be accepted as information and the 
subject continued. I make that as a motion. 

The President: —You have heard the motion. Is there any discussion? 

(The motion was put to a vote and carried.) 

Vice-Chairman E. A. Hadley: — ^Under the Harbors section of the work of 
this Committee, Subject 5 covers the various types of dredges and their 
respective uses. The report has been made covering this subject by the Sub- 
committee under Appendix B-5, and I move that this report be approved and 
placed in the Manual. 

The President: — ^It is moved and seconded that the matter contained in 
Appendix B-S be approved for printing in the Manual. 

(The motion was put to a vote and was carried.) 

Vice-Chai rm a n E. A. Hadley: — ^Under Subject 6, specifications for dredg- 
ing have been presented by the Sub-Committee in Appendix B-6. I move that 
these specifications be approved and placed in the Manual. 

(The motion was regularly seconded, put to a vote and carried.) 

Vice-Chairman E, A. Hadley: — Subject 7, silt deposits in fresh water 
rivers at the meeting point with brackish waters and the effect of slight salinity 
on such deposits. There seems to be little information of any value on this 
subject. It is a generally accepted fact that salinity does affect deposits of silt, 
but to establish more information on this subject of any value to railroads 
would require a great deal of study, wbich the individual members of your 
Committee do not have time to give to the subject, and it is a question as to 
what real value it might be to the railroads in any event. 

Under Subject 8, results of deepening channels on the salinity of rivers and 
estuaries, there is unquestionably a large amount of information on this sub- 
ject published in various forms, much of it in foreign languages. It is beyond 
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the time of the individual members of the Committee to further develop that 
subject as it should be, and there is a further question as to the value of the 
results which might be secured for the railroads. 

Therefore, your Committee recommends that these two subjects be dropped 
from our assignment. 

The President: — I will ask the Committee on Assignment of Work to take 
note of that recommendation. 

Vice-Chairman E. A. Hadley: — Subjects 9, 10 and 11 cover harbor struc- 
tures of various types. The Sub -Committee, under Mr. Kirkbride, its Chair- 
man, has collected a large amount of information and data bearing on these 
subjects but has been unable during the past year to give sufficient time and 
study to the information collected to make a comprehensive report. We there- 
fore wish to report progress on those subjects and recommend a continuation 
of the subjects for report at the next convention. 

The President: — ^They will be so received. 

Vice-Chairman E. A. Hadley: — ^That concludes the report of the Rivers 
and Harbors Committee. 

The President: — ^This Committee has made great progress in the assigned 
subjects and has submitted an excellent report. The Committee is relieved 
with the thanks of the Association (Applause)*. 

DISCUSSION ON ECONOMICS OF RAILWAY 
LOCATION 

(For Report, see pp. 221-234.) 

Mr. F. R. Layng (Bessemer & Lake Erie) : — ^The report will be found in 
Bulletin 331, page 221. I will ask Mr. F. E. Wynne, Chairman of Sub-Com- 
mittee 1, to report on Appendix A. 

Mr. F, E. Wynne (Westinghouse Electric & Manufacturing Company) : — 
In Bulletin 331, on page 222 and succeeding pages, there is worked out a prob- 
lem on the application of an electric locomotive merely as an illustration of 
how to apply the data which were furnished in last year’s report. It is hoped 
that this specific problem will be of service to those who have need to work 
out an application of an electric locomotive. 

Chairman F. R. Layng: — This is offered as information and I take it that 
it requires no further action. 

The President: — ^If there is no discussion, it will be received as informa- 
tion. 

Chairman F. R. Layng:-— On Appendix B, I shall ask Mr. J. C. Wrenshall, 
Chairman of this Sub-Committee, to report the information. 

Mr, J. C. Wrenshall (Reading Company) The report of Sub-Committee 
2, study and report on the extent train resistance is increased when trains are 
operating on flexible rails as compared with the same operation with stiffer 
rails, is found on page 231 of Bulletin 331. This report is in condensed form, 
and is intended as a progress report. 

This is not a new subject, for as early as 1902 the late Dr. Dudley con- 
ducted tests of rails on the New York Central to ascertain practically the same 
information that this Committee has had assigned to it. 
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At the March, 1930, convention Chief Engineer A. N. Reece of the Kansas 
City Southern, presented a paper on “Economical Selection of Rail.” Later on, 
in the report of the Roadway Committee, pages 221 to 231 of Volume 30, 
AJR^A. Proceedings, will be found a report by Mr. Paul Chipman, Office 
Engineer of the Pere Marquette Railway. Both of those papers have given in- 
formation along the lines that we are endeavoring to solve. 

The general opinion appears to be that better results are obtained from the 
use of more rigid nail, which seems to be coming into general use. It is recom- 
mended that this report be received as information, and the subject continued. 

However, I now desire to say a few words concerning a matter not in this 
report. This Sub-Committee suffered a severe loss last year in the death of 
Mr. T. H. Lantry, General Manager of the Northern Pacific, Mr. Lantry was 
very well-known, especially through the Western section of the country. His 
fellow-committeemen were certain of three things concerning him: first, that 
he was a very willing worker, with all that implies; secondly, he was a con- 
tributor of reliable information ; third, he was a splendid gentleman with all the 
attributes that go with that title. He will be greatly missed. 

Chairman F. R. Layng: — The last subject reported on by the Committee is 
Appendix C, page 232, study and report on the proper size and character of 
field organizations for railway location and construction. The Committee in 
sending in this report to the Secretary recommended to the Association that it 
be received for approval and publication in the Manual. Since that time, how- 
ever, we have been advised by the Committee on Rules and Organization that 
they wish to collaborate with us in this matter and have some suggestions to 
make. We therefore withdraw our recommendation that this be approved for 
publication in the Manual and we ask to have the subject reassigned so that 
we may carry out^the proposed collaboration with the Committee of Rules and 
Organization. With your consent, we will ask to have this continued. We have 
nothing further to offer. 

The President : — Is there any discussion on that part of the Committee's 
report? If not, it will be so received and the Committee on the Assignment of 
Work will take cognizance of the Committee’s suggestion. 

This Committee is excused with the thanks of the Association for its ex- 
cellent work (Applause) . 



DISCUSSION ON ECONOMICS OF RAILWAY LABOR 

(For Report, see pp. 193-204.) 

Mr. F. M. Thomson (Missouri— Kansas-Texas) : — In order not to take any 
more time than necessary, I will only call on a few of the Sub-Committee 
Chairmen in presenting their reports. Some of the Chairmen not being present, 
instead of calling on other members of the Sub-Committee, I will present their 
reports. 

We have no revision of the Manual. 

On Subjects 2, S and 7, the Sub-Committees have made good progress, but 
on account of reports not being complete, they were not printed this year and 
will be submitted during the next year. 

The Sub-Committee handling Subject 2, analysis of operation of railways 
that have made marked progress in the reduction of labor required in mainte- 
nance of way work, have done some excellent work and we hope to give a re- 
port at the next convention. 

Subject 3, effects of recent developments in maintenance of way practices 
on gang organizatioh (such as use of heavier rail, treated ties, and labor-sav- 
ing devices, which make practicable small section forces, and conducting the 
major part of maintenance work with extra gangs)-, Appendix A, pages 194 to 
197, inclusive. Through personal correspondence with chief maintenance of- 
ficers of twenty representative railroads, investigation was made as to the 
changes in gang organization. Quite a large number of railroads have made 
no change, and yet some have. Others have reduced the length of their sec- 
tions. 

On page 194 is a list of the railroads that have increased the length and 
decreased the number of sections; on page 195, summary of replies from rail- 
roads that have reduced track forces, on page 196, summary of replies from 
railroads that have transferred regular section work to extra gangs, on page 
197 railways which report no effects on gang organization. 

The Committee feels that this subject is*a matter of importance at this 
time and the policy is changing toward the transferring of section work to 
specialized gangs equipped with modem labor-saving devices. 

The conclusions reached are found on page 197: 

“(1) Recent developments in maintenance of way practices su<^ as the 
use of improved materials and labor-saving devices have reduced the amount of 
track labor required for adequate maintenance. 

“(2) It is apparent that these developments in maintenance of way prac- 
tices ^ould permit the transferring of the heavier routine maintenance work 
from section gangs to specialized gangs equipped with modern labor-saving 
machinery with large resulting economy.” 

It is the recommendation that this report be received as information and 
the subject continued. 

The President: — ^Is there any discussion, gentlemen? If not, it will be so 
received. 

Chairman F. M. Thomson: — Subject 4, economies resulting in the diver- 
sion of traffic on multiple track lines for maintenance purposes. I am asking 
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Mr. E. T. Howson, Chairman of the Sub-Committee handling this subject, to 
present the report. 

Mr. E. T. Howson (Railway Age):— The exacting demands for greater 
prod.uction and lower costs in railway maintenance, together with the wider 
use of power machines and tools by maintenance of way forces, are necessitat- 
ing drastic changes in many of the former methods of doing work. To de- 
termine the extent to which the practice is followed of diverting traffic on 
multiple track lines to facilitate maintenance operations by giving uninterrupted 
use of the tracks during the progress of the work, a questionnaire was sent to 
32 Chief Engineers and Engineers of Maintenance of Way of large roads to 
develop information concerning their practices. Replies were received from 31 
of those roads having a mileage in excess of 197,000, a mileage sufficiently 
large to give a thoroughly representative survey of the practice of the country 
as a whole. 

The investigation made by the Sub-Committee and the reports of mainte- 
nance officers from widely separated sections of the country indicate that 
marked savings can be effected by diverting traffic on multiple track lines to 
give the maintenance forces unrestricted use of the track. Some of those 
economies are cited in some detail on page 201 of the rep6rt. 

The provisions necessary for this diversion are simple and so flexible that 
they be adapted for practically every condition of grade, alinement, char- 
acter of traffic and method of operation. Experience has shown that the in- 
terference with train movement, except in special cases, is little, if any, greater 
than when the work is carried out under traffic. 

In general, operating officers are somewhat skeptical in their attitude until 
they have given the plan a trial, after which they are usually willing to co- 
operate with the Maintenance Department to the fullest extent. The time re- 
quired to complete a given project is shorter, thus reducing the period of inter- 
ference with train movements, while larger or consolidated gangs can be em- 
ployed, with the result that slow orders are eliminated or decreased and the 
obstructions to traffic are concentrated at a single point. 

It is very evident from a ’survey of the replies received from the various 
roads and from observations of the Committee in the field, that with the in- 
creasing use of power equipment, this problem is becoming of more direct con- 
cern to the roads, and that more and more the Maintenance Departments are 
going to be confronted with the necessity, if they are going to keep their costs 
at a low figure, of working out an arrangement with the Transportation De- 
partment whereby on multiple track lines they can get the unrestricted use of a 
track. 

As a result of its study, the Committee offers the following conclusions, 
found on page 202, which conclusions it recommends be adopted for printing 
in the Manual. The condusions are as foflows: 

“1. Under all but the most intensive traffic the practice of diverting 
traffic on multiple track lines to facilitate the work of the maintenance forces 
B feasil^ and vdien employed results in definite savings in the cost of doing 
the work, as well as in net savings to the railway. 

' “2. In addition to the economies effected, there are added benefits in 

laig^ production, better work and greater safety to the workmen 

”3. iraie provisions necessary for divertuig the traffic are comparatively 
^ can be viaried to meet physical conditions or conform to operating 
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“4. There is little, if any, added interference with train movements while 
the work is actually under way and operating conditions as a whole are im- 
proved, as compared with doing the work under traffic by reason of the re- 
duction in the time required for its completion.” 


I move that these conclusions be adopted for publication in the Manual. 

The President: — ^You have heard the motion, gentlemen. Is there any dis- 
cussion? This is a very important subject, a very live one at the present time 
and one that is fraught with great possibilities for reducing maintenance costs 
without seriously affecting train operation. 

If there is no discussion, those in favor will please say “aye”; contrary, 
“no.” The motion is carried. 

Mr. E. T. Howson: — ^The remainder of the report is submitted as informa- 
tion. 

The President: — ^It will be so received. 

Chairman F. M. Thomson: — Subject 6, Appendix C, pages 203 and 204. 
Mr. Lem Adams, Chairman of the Sub-Committee, is not present today, and 
I will present this report for him. 

This subject, in some form, has been assigned to this Committee for many 


years. 

The first report was completed in 1925, under the caption “Methods of 
Programming Maintenance- of -Way Work, Looking to the Most Economical 
Application of Labor. 

Certain conclusions found on page 203 were derived but nothing was placed 
in the Manual. 

Again, in 1926, we had assigned “The Extent to which it is Practicable to 
Stabilize Employment in the Maintenance-of-Way Department, in the Interest 
of Efficiency, and the Necessary Measures.” 

The study of the Sub-Committee extended over two years, and certain 
conclusions, also on page 203, were evolved, but nothing was placed in the 
Manual. 

A r6sum6 of the Committee, in the 1928 Proceedings, summed up this sub- 
ject as follows: 


“Your Committee in its four-year study of this subject, feels that it has 
covered the ground very thoroughly, and the more we have studied this matter 
of stabilizing employment, the more we are able to realize the economies, 
direct and indirect, that are to be obtained by having a trained force to per- 
form our maintenance-of-way work, the same as we have for the maintenance 
of equipment. . ^ ^ ^ ^ 

“We do not find that the average railway officer appreaates the fact that 
maintenance-of-way work requires trained men. Therefore, it should be to the 
interest of all concerned in maintenance-of-way work to sell this idea, with the 
end in view of ultimately obtaining a year-around experienced maintenance-of- 
way force.” 


We now have before us the matter of the practical application of stabiliza- 
tion. It is difficult to see how we are to retain a fairly stable force when we do 
not follow “Equalization of Expenses” plan, and are faced with current re- 
ductions in our expenses to meet the fluctuations in earnings. The year we have 
just passed through has been a very trying one from this standpoint, so we 
readily appreciate the difficulty experienced in keeping a normal force. 

Your Committee finds no justification for keeping the same number of 
men on a track section the entire year in territory where climatic conditions 
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vary widely, but feels that a minimum number of men should be established 
for each section, based upon equated mile values, and this limit adhered to. 
This will provide continuous employment for a considerable proportion of the 
force, and train recruits for the permanent jobs. 

As to bridge and building forces — ^the most practicable method seems to be 
that of a basic force assigned to a definite territory, this force to look after all 
general maintenance of bridges and buildings. Then when extraordinary work 
is needed or new buildings are to be constructed a floating force will be added 
to take care of it, and the foremen recruited from the permanent organization. 
Plumbing a'nH water service gangs should also be handled upon a similar basis. 

The regular forces should work under a definite plan for making repairs; 
that is, certain items should be gone over at stipulated times. This will apply 
particularly to painting and cleaning of structures, where a definite time limit 
should exist between paintings. Differing conditions will require constant 
vigilance on the part of supervising officers to know that forces are properly 
apportioned, as such items as heavy rail, with new ballast, greatly reduce sec- 
tion work, tending to stabilize forces. 

The conclusions arrived at are; 

“(1) The stabilization of forces is essential to maximum economies. 

“(2) The practical method of stabilizing maintenance-of-way forces is by 
the establishment of a basic force that can be economically employed during 
slack period, and by adding to this a temporary force as required, with pro- 
vision for a definite date of termination for aU such positions. This will pro- 
vide a fairly uniform permanent force, and train recruits to fill jobs as vacated?' 

The Committee recommends this report be accepted as information, and 
the conclusions adopted for printing in the Manual. I move that conclusions 
(1) and (2) of this report be accepted and printed In the Manual. 

The President: — ^It has been moved and seconded that the conclusions 
on the latter part of page 204 be adopted for printing in the Manual. Is there 
any discussion? 

Mr. J. L. Pickles (Canadian National) : — The Canadian National Lines 
have adopted a method of issuing credentials to so-called furloughed em- 
ployees, and these men are given employment where possible when there is 
a chance to renew them. We also ask any contractors taking contracts from 
the company to employ these furloughed employees, and in that way we are 
enabled to keep some of our valuable men whom we have spent money to edu- 
cate, and keep them from drifting away to other places. 

The President: — Is there any further discussion? 

(The motion was put to a vote and carried.) 

The President: — Before dismissing this report, I would take occasion to 
again mention a matter of interest which has already been brought to your at- 
trition, and that is that Mr. F. M. Thomson, Chairman of thip Committee, 
has been honored by appointment as a Reporter to the International Railw^ay 
Congreffi to be held in Cairo, Egypt, in 1933. He will report on “The use of 
PQ ^ chan l ca l appHances in the permanent way maintenance and in track relay- 
ing.” That is an honor of distinction for Mr. Thomson and for the Com- 
mittee whkffi he heads. 

The Committee is ^dieved with the thanks of the Association (Applause). 



DISCUSSION ON WATER SERVICE AND 
SANITATION 

(For Report, see pp. 399-438.) 

Mr. R. C. Bardwell (Chesapeake & Ohio)* — Report of Committee XIII, 
Water Service and Sanitation, is presented on pages 399 to 438, inclusive, in 
Bulletin 333. 

Consideration given during the year to possible revision of the Manual 
was largely confined to the study of additions to water service definitions, and 
it was believed that the report on this subject should be deferred until the fol- 
lowing year. 

The progress report on Subject 2, pitting and corrosion, will be presented 
by the Sub-Committee Chairman, Mr. J. H. Davidson. 

Mr. J. H. Davidson (Missouri-Kansas-Texas Lines): — ^This report ap- 
pears on page 401 of Bulletin 333. 

In our previous reports we have gone thoroughly into the theoretical phase 
of this subject and have also developed and discussed various available methods 
for inhibiting pitting and corrosion in locomotive boilers. 

During the past year there have been no important developments in these 
two phases of the subject, and we have now reached a point in our investiga- 
tion where any further definite recommendations will have to wait for con- 
clusions of service tests that are being made. A great many service tests are 
being made at this time, and we are watching them very closely. The results 
of these service tests will no doubt be available, and be included in our next 
year’s report. 

Chairman R. C. Bardwell: — ^I move this report be received as information. 

The President: — ^If there is no objection, it will be so received. 

Chairman R. C. Bardwell: — ^The progress report on Subject 3, value of 
water treatment, will be presented by Sub-Committee Chairman, Dr. C. H. 
Koyl. 

Dr, C. H. Koyl (Chicago, Milwaukee, St. Paul & Pacific): — ^Appendix B, 
page 402, is an attempt to decide under what circumstances it is possible or de- 
sirable to use anti-scale compounds of any kind, placing them either in the 
V ayside water tank or in the engine tender. 

The answer can be given only in the most general terms because of the 
number of variables and because of the constant improvements that are being 
made in the chemicals themselves and in their application. 

Twenty years ago there was an engine house for engine and boiler repair 
about every hundred miles of railroad track, and in the bad water country it 
was the highest ambition of an engine crew, either freight or passenger, to 
make that hundred miles before boiler leaking became so bad that the engine 
died for lack of steam. In winter, in the worst of the bad water country, it 
sometimes required four engines in succession to haul the train the hundred 
miles. 

Then came the establishment of complete water treating plants for all the 
worst waters, and the resultant era of locomotive runs of 900 miles or so for 
passenger engines and 400 miles or so for freight engines. 
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Your Committee is firmly of the opinion that for these very bad waters 
the only proper treatment is the complete treatment in wayside plants which 
leaves the water soft and free from precipitate. 

But these treating plants are somewhat expensive in construction and there 
are many waters of 20 grains-per-gallon hardness and less which need some 
treatment but can be handled by adding the proper chemicals to the water 
in the wayside tanks or in the engine tenders. 

Boilers using such “interior” treatment of necessity deposit the sludge in 
the boiler and therefore tend to foam. 

The tendency to foam depends on the fineness of the sludge, the amount 
of sodium salts dissolved in the water, and the rate at which the boiler is 
worked. The cleanness of the boilers appears to depend on maintaining in 
the water in the boiler at all times a sodium carbonate alkalinity of at least 
3 grains-per-gallon. 

The permissible amount of sodium sulphate and chloride varies with the 
rate at which the boiler is worked but we are inclined to set 15 grains-per- 
gallon, as the water goes to the boiler, as the upper limit for successful opera- 
tion with interior treatment of hard-worked boilers not using anti-foam com- 
pound. 

For any questionable case we wish to emphasize our opinion that the dif- 
ference in cost between partial treatment and complete treatment is a bagatelle 
beside the extra cost of running a locomotive with water which is not prac- 
tically perfect. 

Chairman R. C. Bardwell: — W& should like to have this accepted as in- 
formation. 

The President: — Ls there any discussion on this subject? If not, the re- 
port win be received as information. 

Chairman R. C. Bardwell: — ^The final report, Subject 4, simplification and 
standardization of equipment and materials used in raUway water service, will 
be presented by the Sub-Committee Chairman, Mr. J. P. Hanley. 

Mr. J. P. Hanley (Illinois Central) : — ^The report on the standardization 
of water service materials and equipment appears on pages 406 to 409 of Bul- 
letin 333. 

The first part of the report outlines briefly what has already been ac- 
complished on this subject by the Water Service Committee of the A,R.E.A. 
and other agencies. For your ready reference, previous reports which contain 
useful information on subjects related to water service standardization are 
Ksted on pages 406 and ^07. The Sub-Committee obtained information to the 
extent of existing standardization as applied to the principal items of water 
service materials and equipment by sending a questionnaire to the railways 
represented on the Water Service Committee. Twenty-six replies were re- 
ceived and the information obtained is shown in condensed form on pages 407 
and 408. The items for which information was requested include pipe, pumps, 
water columns, tanks, treating plants, and other items widely used in water 
service work. The conclusions appear on page 409 and indicate that while 
considerable standardization has already been done, that more could be ac- 
complished to good advantage along this line. We believe that additional 
standardization will simplify maintenance and decrease the amount of repair 
parts usually carried in stock. 

The report is offered as information. 
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The President: — ;Is there any discussion upon this part of the report? If 
not, it will be so received. 

Chairman R. C. Bardwell: — ^The final report is on Subject 5, automatic 
and remote control of pumping equipment, and will be presented by the Sub- 
Committee Chairman, Mr. J. A. Russell. 

Mr. J. A. Russell (Pennsylvania) : — ^The report will be found on page 410 
of Bulletin 333. In this report we have endeavored to focus attention on the 
general application of automatic and remote control to water stations covering 
a wide range in daily capacity. We have attempted to bring out the fact that 
special equipment is not necessary or desirable and that therefore ample op- 
portunity is afforded the railroads to decide on their own individual require- 
ments. Modern practice is reviewed in connection with each feature of design 
and operation, and no conclusions have been deemed warranted. 

The President: — ^This part of the report is submitted as information. Is 
there any discussion? If not, it will be so received. 

Chairman R. C. Bardwell:-- Your Committee has assembled considerable 
information, but desire to report progress on Subject 6, deep well pumping 
equipment, and 7, trackpans, and suggests that these subjects be reassigned for 
further study and report during the coming year. 

The final report on Subject 8, electrolysis, will be presented by the Sub- 
committee Chairman, Mr. J. J. Laudig. 

Mr. J. J. Laudig (Delaware, Lackawanna & Western) : — ^Report of Sub- 
Committee 8, on the protection of water supply pipe line system from elec- 
trolysis, appears on pages 415 to 419, inclusive, of Bulletin 333. This report, 
being in collaboration with Committee XVIII — Electricity, gives general in- 
formation on identifying electrolytic corrosion, and gives procedure for over- 
coming the difficulties found. It is understood that remedial measures are not 
amplified to the extent that they can be considered directions to be followed on 
all occasions. We feel the information which the report gives will aid merely 
in the identification and assist Water Service Engineers and Electrical Engineers 
to overcome the difficulties which may be foimd; also giving information as 
to where more information of a more elaborate nature can be located. 

The President: — ^Is there any discussion on this part of the report which 
is submitted as information? If not, it will be so received. 

Chairman R. C. Bardwell: — ^The Sub-Committee in charge of Subject 9, 
coagulants, have not yet completed their study, and recommend that the sub- 
ject be reassigned and study be continued. 

The final report on Subject 10, chemical control and general supervision of 
water softening plants, will be presented by the Sub-Committee Chairman, Mr. 
R. M. Stimmel, 

Mr. R. M. Stimmel (Chesapeake and Ohio):— The report of Sub-Com- 
mittee 10, on chemical control and general supervision of water treating 
plants, appears on page 419 of Bulletin 333. A questionnaire was sent out and 
answers received from 24 roads, which have more or less extensive water treat- 
ment programs. The questions were principally concerned with the methods 
used in ma king water analyses, keeping records and reports, and with the or- 
ganization of the department supervising water treatment. 

The chemical tests and procedures involved in water treatment have been 
well worked out and control can be obtained through the application of this 
The organization of the departments supervising treat- 
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ing plants necessarily varies to meet local conditions and individual needs. The 
success of a water treating program is largely a function of the adequacy and 
efficiency of this supervision and organization. 

With the increasing size of power and the increased investment in these 
ladlities the importance of water treatment is accentuated. To maintain accu- 
rate control and obtain the best results a competent and efficient organization 
is necessary, which will secure the co-operation of the other departments as 
well- 

The President: — That is submitted as information. Is there any discus- 
sion? If not, it will be so received. 

Chairman R. C. Bardwell: — Considerable study has been given to the 
question of protection of boilers and boiler materials from corrosion and de- 
terioration while in storage, and the final report on this subject will be pre- 
sented by the Sub-Committee Chairman, Mr. D. A. Steel. 

Mr. D. A. Steel (Railway Age) : — ^The theme of this report is essentially 
rust prevention in its several ramifications. Water Engineers do not handle or 
use the materials in question, but their work in water conditioning is partly 
measured by the service life of these materials. 

This makes it appropriate to investigate factors other than the water sup- 
ply which affect service life. Since the materials are handled and used by 
the supply and shop forces, it seemed best to attack the handling problem at 
its source by preparing the report more particularly for the attention of those 
forces than for the members of this Association. 

The report, therefore, dispenses with severely technical data or formulae 
alluring to the Engineer and endeavors to outline the detailed practice which 
should be followed in each stage of handling boiler materials, from purchase to 
final disposition, in order to forestall the baneful effects of improper handling 
and use from the standpoint of corrosion in the boiler. By collaboration with 
the Stores and Shop Departments actual conditions in the field and the prac- 
tical problems which confront the handling forces were considered in develop- 
ing the report. 

It may interest the Association to know that the Mechanical Division of 
the AJR.A. requested 200 copies of the report for the attention of shop forces 
and that reproductions have been made and distributed by the Purchases and 
Stores Division, ARA.; also, that the report will be published as an appendix 
to one of the reports of the Purchases and Stores Division. 

If is felt that this treatment of the subject is consistent with the airng of 
the Association. 

The President:— This part of the report is also submitted for information. 
Is there any discussion? It will he so received. 

Cha ir ma n R. C. Bardwell;— The progress report on Subject 12, regulations 
pertaining to drinking water supply, will be submitted by the Sub-Committee 
Chairman, Mr. A. B. Pierce. 

Mr. A. B. Pierce (Southern Railway System) :— The r^ort of Sub-Com- 
mittee 12 may be found in Bulletin 333, page 429, under Appendix H. 

Sub-Committee 12 has had to do with the progress being made by the 
Federal and State Authorities on regulations pertaining to drinking water sup- 
ply and, guraietaJly, .sanitation. 

We have advised by the United SUtes Public Health Service that 
with the completion df the report of the Joint Committee of the ARA. on 
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Railway Sanitation there will be changes and additions to the existing regu- 
lations, which may result in necessary expenditures for improvements on many 
railroads. 

The Joint Committee is composed of members of the Medical and Surgical 
Section, the Mechanical Division of the A.R.A., members of the A.R.E.A., and 
representatives of the United States and Canadian Health Services. 

Many subjects are under discussion and investigation at this time by the 
Joint Committee. The report as a whole has not been completed as to form, 
although several subjects have been passed on by the American Railway En- 
gineering Association. It is to be understood that regardless of whether the 
Joint Committee makes its final report or not, new Federal regulations are 
to be made, and it is hoped that they will be in line with the recommendations 
of the Joint Committee, which are being made to concur as closely as pos- 
sible to satisfy present practice. It is given as information. 

The President: — This is submitted as information, gentlemen. Is there 
any discussion? If not, it will be so received. 

Chairman R. C. Bardwell: — ^The Sub-Committee has not as yet completed 
its study on Subject 13, sewage disposal facilities where sanitary facilities are 
not available. 

It is recommended that this subject be reassigned for further study and 
report. 

The final report on Subject 14, methods of laying cast iron pipe and spec- 
ifications, will be presented by Mr. H. F. King, in the absence of the Sub- 
Comnoittee Chairman, Mr. F. D. Yeaton. 

Mr. H. F. King (Erie): — ^The report of Sub-Committee 14, methods of 
laying cast iron pipe and specifications, will be found on page 430 of Bulletin 
333. 

This report has been revised in accordance with the ideas of the Associa- 
tion as expressed on the floor of the convention last year. 

It is recommended that the final report, pages 430 to 435, on methods of 
laying cast iron pipe be accepted as information and that portion of the report 
on pages 435 to 438 giving specifications for laying cast iron pipe be accepted 
for inclusion in the Manual. 

The President: — ^It has been moved and seconded that these specifications 
for laying cast iron pipe be approved for printing in the Manual. Is there 
any discussion? 

Mr. Louis Yager (Northern Pacific) : — ^I should like to inquire of the 
Committee what the significance of the last sentence in the first paragraph 
under Measurement, on page 436 is, in which they speak of making the 
measurement. The last sentence says: “Backfilling of the trench shall be 
included in the excavation measurements.^’ In the first part of the paragraph 
they say “Measurements shall be made in excavation only.” What is the sig- 
nificance of the sentence concerning the backfilling? 

Mr. H. F. King: — ^That is, the backfilling is part of the cost of the trench- 
ing, to be included. 

Mr. Louis Yager : — 1 would think that would be correct, but why include 
it under measurement and say that shall be included in' the excavation meas- 
urements? If the measurement is in the excavation, that is all there is to it. 
Why measure the backfilling? 

Mr. H. F. King: — ^That last sentence could be omitted. 
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The President: — ^The Committee agrees that that sentence can well be 
emitted from the specification. Is there any further discussion? If not, those 
in favor of the adoption of these specifications will please say “aye”; contrary, 
“no.” The motion is carried. 

This is a hard and systematically working committee. I do not know 
what the railroads would have done in the drought areas but for the excellence 
in water service methods and the organizations which the railroads have built 
up, and for which this Committee and its membership are largely responsible. 
But for this the railroads would have been flat on their backs in many places, 
in many sections of the country. As it was, they passed through unscathed. 

The Committee has done excellent work. Their work has been of inesti- 
mable value to the transportation system of the country. The Committee is 
to be highly congratulated. It is relieved with the thanks of the Association 
(Applause) . 


DISCUSSION ON RAIL 

(For Report, see pp. 345-398.) • 

Mr. Earl Stimson (Baltimore & Ohio): — ^Before the Committee presents 
its report, it is perchance fitting that the Committee announce that it has sus- 
tained a very severe loss during the past year through the death of Richard 
Montfort, Consulting Engineer of the Louisville & Nashville Railroad. Mr. 
Montfort was a Charter Member of the Association and had been a member 
of the Rail Committee since its formation. He was a gentleman of the highest 
type and an Engineer of eminent ability. He was a regular attendant at the 
meetings of the Association and of the Committee, and his genial presence and 
helpful suggestions will be missed by all. 

The first subject to be presented is Revision of Manual. The subject will 
be handled by Mr. Blaess, the Chairman of the Sub-Committee handling the 
subject. 

Mr. A. F. Blaess (Illinois Central: — ^The report of Sub-Committee 1, re- 
vision of Manual, wiU be found on pages 346 to 354, inclusive, of Bulletin 
333. 

Form 402-A — ^Report of Rail Failure in Main Track. The changes pro- 
posed in Forms 402-C and 402-E drew the attention of the Coipmittee to this 
form, and it was found that there were three different styles of this form in 
general use by ndlroad members of the Association. Committee recommends 
that the question of drawing up one form that might be found acceptable to 
all railroads be assigned to it for investigation and report during the ensuing 
year. 

Form 402-C — ^Rail Failures for Year Ending. Present form is of a very 
unwieldy size for filing and certain changes are desirable in the data called 
for on form, among these being a change in the termination of the report year 
from October 31st to December 31st, and the addition of a column to show 
failures found by the detector car. It , also seems desirable to have the instruc- 
tions for fillmg in the form printed separately. 

Copies of proposed revised form 402-C and of the proposed new instruc- 
tion form 402-C (a) are shown, and Committee recommends their adoption^ 

Form 402-E — Statement of Transverse Fissure Rail Failures. Some 



Discussion 


817 


ambiguity arises in connection with mill designation under this form, also a 
column should be added for failures found by the detector car. It also seems 
desirable to have the report year end on December 31st instead of January 
31st, as at present, to agree with the report year recommended for Form 402-C; 
also to have the instructions for filling in this form printed separately. 

Copies of proposed revised form 402-E and of the proposed new instruc- 
tion form 402-E (a) are given, and Committee recommends their adoption. 

Form 402-F — ^Manufacturing Record of Transverse Fissure Rail Heats. 
This form no longer serves any useful purpose and has been omitted from the 
Manual, but through oversight the question was not submitted to the conven- 
tion for formal approval. The Committee recommends discontinuance of this 
form. 

Revision of Definition of No. 2 Rails — The Committee recommends that 
the present definition be retained. 

Preparation of Specifications for Intermediate Manganese Steel Rail: The 
Committee recommends that the suggested specifications shown in the Com- 
mittee report of March, 1930, be retained and no modification be made there- 
in until further experience with this material indicates definite changes or addi- 
tions needed. 

Design of Track Bolts: Attention is called to Supplement to the Manual 
of 1929, Bulletin No. 327, July, 1930, page 17, which corrects certain typo- 
graphical errors appearing in the design for track bolts adopted last year and 
appearing in Bulletin 324, February, 1930, and in Volume 31, Proceedings for 
1930, page 1463. The Committee recommends that Note 3 to Table 3 — 
“Square and Hexagonal Nuts for Track Bolts,” be changed from “The re- 
cessed type of nut shall have a recess of inch” to read “The recessed type of 
nut shall have a recess of 54 inch minimum and 3/16 inch maximum”; to 
agree with like revision since made in the American Standards Association de- 
signs. 

Branding of Tee Rails, with a view toward standardization. Branding — 
Exhibit E shows typical branding with data to be given and order of arrange- 
ment. Stamping — ^Exhibit E shows typical stamping recommended, and Ex- 
hibit F shows complete list and design of letters and numerals. 

In connection with the Exhibit E showing the typical stamping, it is the 
desire of the Committee to eliminate under the heading "T 3 ^ical Stamping” 
on page 353, the last two words on the top line. That would make it read 
“Showing recommended data and design of letters and numerals to be used,” 
eliminating those two words. 

It is the recommendation of the Committee that revisions of Form 402-C 
and 402-E as shown in Appendix A, Exhibits A and C, be approved and sub- 
stituted for present Form 402-C and 402-E in the Manual. I so move. 

The President: — You have heard the motion, gentlemen. Is there any dis- 
cussion? This is under the subject of revision of matter now in the Manual. 
If not, those in favor will please say “aye”; contrary, “no.” It is carried. 

Mr, A. F. Blaess: — ^It is recommended that new Form 402-C (a) and 
402-E (a) shown in Appendix A, Exhibits B and D, be approved for inclusion 
in the Manual. I so move. 

Mr. Charles S. Churchill (Consulting Engineer): — ^I have been doing my 
discussion of the Rail Committee Reports for two or thr^e years by writing 
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letters to the Chairman of that Committee, on the point I advanced. I dislike 
these forms because they do not make a provision for reporting in “million 
tons” the tons carried by the rails of main tracks. 

Apparently the Committee has adopted my line of thought on page 357 in 
two places to the effect it is the more accurate way because it gives the real 
work the rail does as shown by diagram No. 4 on page 361, as against diagram 
No. 3 on same page above. The latter only attempts to give the report of fail- 
ures per hundred miles of track, which is not of any great value as it is not 
accurate. Referring to known cases on the Norfolk & Western Railway; busi- 
ness nearly doubles, therefore the work of rails often doubles within a distance 
of 100 miles, as the Committee has finally pointed out. The plan that gives 
the work of the rail as near as the Engineering Department of a railroad can 
determine, is the best one to go on record as per diagram No. 4, page 361. 
Some examples of changes in density of traffic within short distances on the 
Norfolk & Western Railway: (The density of traffic is obtained from the re- 
ported ton miles per year being changed to the density on each track mile 
during same year.)- On the Eastern end of the Norfolk & Western Railway be- 
tween Norfolk and Roanoke, the density per mile per year is 21 million tons; 
while between Lynchburg and Durham on the same Division, it is only 
million tons per year. Between Hagerstown and Roanoke it is 9J4 million 
tons. Between Roanoke and Bluefi^eld, it is 27 million tons. While on a 
short district between Radford and Bristol, it is only 5J4 million tons per mile. 

Bluefield to Williamson has a density of 32 million tons per mile ; while on 
the district between Bluefield and Norton, it is only 6 million tons per mile. 
Between Williamson and Portsmouth, and Portsmouth to Columbus, the aver- 
age density per mile is 43 million tons. Whereas, between Portsmouth and 
Cincinnati, it is only 754 million tons. 

That is enough to indicate that a report giving only the number of rail 
failures in a year per 100 miles of main track, is not the information that is 
most needed now. What is needed is the “real work of the rail” each year and 
during its life and what is the total tonnage carried by it. 

When one starts with the ton miles for the entire railroad, which fact 
every road obtains each year for itself, it is possible to obtain the density in 
million tons carried on main tracks of different sections of a division or dis- 
trict of that railroad. 

I am asking you not to go too fast now with these new forms until you 
provide columns in which a railroad can report the failures of rail in terms of 
total miUion tons carried by the failed rails. Ask the Committee to get all 
railroads to report this. 

Mr. A. F. Blaess:— We are glad to have your suggestions, Mr. Churchill. 
We have given careful consideration to arriving at some method for TnakiT i g 
use of the density of traffic, but we have not found a real practical way. It is 
not so easy at all times to develop the density of traffic. Some railroads may 
have liiat information but others have not. 

Mr. C^. S. ChurduH:— The Chief Engineer of the Norfolk & Western 
Railway will furnish the Rail Committee the information if called for, as its 
records extend back to about 1904. Its pr^aration requires some work; but it 
pays to secure the mfocmation. Rail mills need it just as much as the railroads. 

In these datys* aB users of rails desire a knowledge of the work done by them. 
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The President: — Is there any further discussion? If not, I will put the 
question. Those in favor of the motion will please say “aye”; contrary, 
“no.” It is carried. 

Mr. A. F. Blaess: — It is moved that the present form 402-F be discon- 
tinued. 

The President: — ^You have heard the motion, gentlemen. Is there any dis- 
cussion? If not, those in favor will please say “aye”; contrary, “no.” It is 
carried. 

Mr. A. F. Blaess: — ^I move that the recommendations in Appendix A and 
Exhibits E and F covering branding and stamping practice, with such changes 
as I have outlined under the heading of stamping, be approved for inclusion 
in the Manual. 

The President: — Is there any discussion? If not, those in favor will please 
say “aye”; contrary, “no.” It is carried. 

Chairman Earl Stimson: — ^In connection with Subject 2, mill practice, the 
Committee wishes to announce that the co-operative rail investigation and re- 
search work is under way. The arrangement as outlined in the Committee’s 
report last year has been effected and the money is available. Agreement has 
been entered into between the Engineering Experiment Station of the University 
of Illinois, the Rail Manufacturers Committee and your Rail Committee to 
carry on this work. 

The Association will have to be a little patient. It takes some time to get 
a work of this kind under way, and some time before definite results can be 
obtained or results upon which even preliminary conclusions may be based. 
By next March we hope to be able to present a satisfactory progress report. 

The third subject, operating results of the A.R.A. Rail Fissure Detector 
Car, is quite fully covered in the Appendix C. Rail failure statistics for 1929, 
Appendix D; transverse fissure statistics. Appendix E. These are matters of 
information, largely statistical, and no' further comment will be made. 

We now come to Subject 4, cause and prevention of rail batter, which will 
be handled by Mr, F. M. Graham, the Chairman of the Sub-Committee. 

Mr. F. M. Graham (Pennsylvania): — ^This is a progress report of the 
activities of the Sub-Committee during the past year and contains nothing more 
than information collected, with the thought that we should arrive at some- 
thing of definite value in perhaps another year or so. The only thing to add 
to what is stated here might be that we are finding some evidence of in- 
crease of batter due to joint opening. The percentage of increase, we are un- 
able to say. 

We vdll endeavor to make further study of the effect of hardness of 
different rails upon the progress of batter. We perhaps will be able to make 
more accurate measurements of the hardness of the rail. 

I do not know that there is anything further to add to what is con- 
tained in the report, and I offer this as a progress report. 

The President: — Is there any discussion of the report? If not, it will be 
so received. 

Chairman Earl Stimson: — Subject 7, tests of alloy and heat treated carbon 
steel rails, will be presented by Mr. Chapman, in the absence of Mr. Bronson, 
Chairman of the Sub-Committee. 
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Mr. E. E. Chapman (Atchison, Topeka & Santa Fe) : — Questionnaires were 
sent to the various railroads to obtain the information, and the replies and 
summaries are shown in Exhibits A and B. 

On intermediate manganese rails, a r6sum6 of the questionnaires is given 
below, showing a total of about 650,000 tons of this type of rail now in serv- 
ice. This shows, in general, that the interior transverse fissures are far from 
numerous, and reports indicate they are much lower than experienced with 
standard open-hearth rails. The data also tends to show that on wear, bat- 
tering and chipping, there is considerable reduction as a general proposition 
compared with standard open-hearth rails. 

Comprehensive studies that have been made through a number of sources 
indicate the desirability of lowering the specified carbon range two or three 
points, and the manganese range five to ten points. By this means, along with 
complete hotbed protection, horizontal and split heads should be less numerous 
to a considerable extent. Several roads have changed their specified carbon 
and manganese ranges in line with the above. 

To date, the greater part of the failures in the intermediate manganese 
rail has been due to the horizontal and vertical split heads. A check of the 
questionnaires with respect to the intermediate manganese rail gives general 
results which the various roads have obtained to substantiate the report which 
is given under Exhibit A. 

Under heat treated rails, replies to the questionnaire indicate that the 
railroads have been marking time during the past year so far as heat treated 
raib are concerned. The only new tonnages reported are SOO tons for the 
Delaware and Hudson, and 150 tons for the Interborough Rapid Transit Com- 
pany, which were purchased from the Steelton plant, Bethlehem Steel Com- 
pany. 

The reports show that no failures of any type have developed which is 
all the more remarkable when consideration is given to the fact that these 
heat treated rails are in about the most severe service on the various railroads. 

Batter and chipping, as well as crosswise flow, particularly on the low side 
of curves, is much less for treated compared to untreated rails. 

I believe since this report has come out the Pennsylvania have placed the 
heaviest order for heat treated rails that has been given in the country to date. 

Chairman Earl Stimson: — ^In presenting the recommendations of Revision 
of Manual for vote, we overlooked the recommendation on design of track 
bolts, which is changing the wording of a clause in regard to the recess type of 
nut so as to conform to the revision made by the American Standards Associa- 
tion. 

I therefore move that the recommended change in this clause be approved. 

The President: — ^This is found at about the middle of page 347 of the 
Bulletin. Is there any discussion? If not, those in favor of the motion will 
please say, “aye”; contrary, “no.” It is carried. 

Chairman Earl Stimson: — ^This concludes our report. 

The President: — When this Committee recommended in 1924 and the 
Association adopted a standard section for 150-lb. rail, it was perhaps thought 
by some of us that this was somewhat in advance of the times. It is of interest 
to know that the Petm^vania Railroad has recently placed a larger order, or 
is placmg it now, for a lS2-lb. rail. I wonder if Mr. Cushing could tell us 
anything of interest in this connection. Apparently he is not in the room. 
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This is, as we all know, one of the subjects of great importance to the rail- 
roads. There is now proceeding what we hope is a marked development in the 
manufacture of steel rails. 

Mr. Graham, could you tell us anything about the large rail? 

Mr. F. M. Graham: — Of course I know nothing of the performance of the 
new Pennsylvania 152 -lb. rail. This rail is to be eight inches high, with a base- 
height ratio of about 0.84. It has about the usual proportions of head, and a 1 
to 40 slope on the side of the head. I cannot recall all the dimensions that 
would be of interest to you. Of course, the weight gives you some conception 
of that in view of the general dimensions. It is intended, of course, to be a 
very stiff rail and to minimize local variations in tie-supporting conditions. It 
also should, we hope, give us a good, strong joint arrangement by providing a 
very large depth of joint bar. 

These rails are to be rolled in 39-ft. lengths at this time and are to be of 
practically the present chemistry which I think you are all using. 

I think that is aU that I can recall just now that might be of interest. 

The President; — ^Thank you, Mr. Graham. 

The Committee is relieved with the thanks of the Association (Applause). 

DISCUSSION ON TRACK 

(For Report, see pp. ISO-164.) 

(Past-President Louis Yager in the chair.) 

Mr. J. V. Neubert (New York Central): — ^This report is contained in Bul- 
letin 330, beginning on page 1S2. The first item, under Appendix A, revision 
of specifications for steel tie plates, will be presented by the Sub -Committee 
Chairman, Mr. E. D. Swift. 

Mr. E. D. Swift (Belt Railway); — ^This report appears as Appendix A, 
page 152, Bulletin 330. Subject 1-A concerns specifications for steel tie plates 
and the Committee is making three recommendations: First, that Section 11 
(b), as it now appears in the Manual, be withdrawn and a revised version to 
read as foUows be substituted: 

“Section 11 (b). For plates with shoulders parallel to the direction of 
rolling, a variation of 1-32 in. in thickness, 1-8 in. in rolled width and 3-16 in. 
in sheared length will be permitted when no camber is required. When rolled 
in camber is specified, a variation of 1-4 in. in sheared length will be per- 
mitted.” 

Approval of this revision is recommended. 

The second recommendation is that a section to be known as Section 
3 (d) be added to this specification. This new section is to read as follows: 

“Section 3 (d). When copper is specified the percentage contained in the 
steel shall be not less than 0.20 of 1 per cent.” 

Approval of this section is recommended. 

Past-President Louis Yager: — You have heard the motions. Is there any 
discussion? Those in favor signify by saying, “aye.” Contrary, “no.” It is 
carried. 

Mr. E. D. Swift: — The third recommendation as I shall read it is changed 
somewhat from what appears in the Bulletin report. It is to read as follows; 
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“Section 11 (e). Regardless of variations otherwise permissible, the weights 
to be paid for shall not exceed by more than 3 per cent the weights calculated 
from the specified dimensions.” 

I move approval of this recommendation. 

Past-President Louis Yager; — You have heard the motion for approval of 
the additional recommendation modified as has been read to you. Is there 
any discussion? If not, those in favor signify by saying, “aye.” Contrary, 
“no.” It is approved. 

Mr. E. D. Swift: — The concluding part of the report concerns revision of 
specifications for soft steel track spikes. This is Subject (1-B), and the Sub- 
Committee reports progress at this time. 

Past-President Louis Yager: — ^If there are no questions the report will be 
received as progress. 

Chairman J. V. Neubert: — ^That last subject is to be continued this year 
and reassigned. 

At the top of page 152 appears Appendix B, superelevation of the outer 
rail on curves in connection with the degree of curvature, gradient, the maxi- 
mum speed of trains, traffic, number of tracks, etc. This will be presented by 
Mr. C. W. Breed, Chairman of the Sub-Committee. 

Mr. C. W. Breed (Chicago, Burlington & Quincy) : — ^After careful consid- 
eration of this subject by the Sub-Committee at various meetings, we wish to 
recommend that this subject be withdrawn. We feel that the Manual and 
the Proceedings of the Association contain very complete information on curve 
superelevation. If we attempt to tabulize each case we will probably be mis- 
understood and complications wUl result. 

In support of this recommendation the following facts are submitted: 
There are 112 pages of data about the superelevation of the outer rail on 
curves in the publications of the Association. The information contained 
therein are the best views of the engineering members over a period of thirty 
years. There are formulas and full information as to their development for 
equilibrium superelevations, for superelevations in which resultant of forces 
passes through edge of middle third, etc.; there are tables of superelevations 
for most of the formulas shown. 

There are tables and graphs showing speeds of trains through turnouts, and 
general information on all cases of superelevation. In addition to this, the 
specific experience and individual curve elevation tables and practices of some 
forty Class I railroads appear in the 1929 Proceedings. 

When we consider the infinite number of superelevations required on all 
the individual curves on all the railroads, it will be appreciated that it is not 
practical to attempt to tabulate or classify them. An Engineer desiring to set 
up the superelevations over a particular railroad will find from the Proceedings 
and M a n u al that he must first determine the speed of traffic over each curve. 
If both passenger and freight traffic are in operation over the curve, he knows 
that there will have to be a compromise in the amount of superelevation. He 
cannot give the passenger traffic the full benefit of equilibrium superelevation 
because he does not wish to subject the inner raU of the curve to the excessive 
wear from slower moving fretghi- traffic. 

If the freight traffic over the particular curve is comi)aratively fast, due 
to favorable gradient or other causes, then the Engineer should follow the prac- 
tice of many Engineers as shown m 1929 Proceedings, and choose the equilib- 
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rium elevation for a speed 5 to 10 miles less than the maximum speed of pas- 
senger traffic over that curve. 

On other lines where there is a preponderance of comparatively slow 
freight “traffic it may become expedient to superelevate the outer rail of curves 
for the speed of this traffic, restricting the speed of passenger trains, if neces- 
sary, to preserve safety and comfort over those curves. 

If there is passenger traffic only or freight traffic only over a particular 
curve, the information in the Proceedings indicates to the Engineer that he 
should superelevate that particular curve the amount shown as equilibrium 
superelevation in the Manual for the maximum speed determined for the pas- 
senger train over its particular curve or the freight traffic over its particular 
curve. 

If these basic rules are followed in determining superelevation and first 
consideration is given to safe travel, there is not required any information 
other than now appears in the publications of the Association. 

I move that this subject be withdrawn. 

Past-President Louis Yager: — ^This subject, which is virtually an assign- 
ment to study any possible revisions of material in the Manual, has been in 
the hands of this Committee for at least two years. They now come to you 
and justify the work that has been done before, and they recommend that the 
assignment be withdrawn. 

In view of the fact that this has been assigned to the Committee, and 
that they are now satisfied that the previous work was well done, for the 
benefit of the Outline of Work Committee it will be well to have some dis- 
cussion on the report that has just been submitted. If you are satisfied that 
the work has been well done and completely covered, we should like to have 
that expression. Otherwise, if you feel that the Committee has overlooked 
something, the Committee on Outline of Work would like to know that also. 
Are there any questions? 

Mr. C. W. Breed: — ^In the Proceedings of 1929 there was a reference made 
to page 899 of the Proceedings in the Manual. That should be corrected to 
page 916. I move that that change be made. 

Past-President Louis Yager; — That change will be made. If there are no 
questions the report will be received as information. 

Mr. C. W. Breed: — ^Under Appendix C, string lining of curves by the chord 
method and prepare tables suitable for the use of trackmen, the Committee is 
working on tables and will have a final report next year. We report progress 
only. 

Past-President Louis Yager: — ^Are there any questions? If not, the report 
will be received as information. 

Mr. C. W, Breed: — On page 164- appears Appendix K, covering Subject 11, 
gage of track and elevation of curves, with reference to the use of roller bear- 
ings on railway equipment. That report is submitted’ as progress. 

Past-President Louis Yager; — ^The report will be received as progress. 

Chairman J. V. Neubert: — On page 155 appears Appendix D, covering 
temperature expansion for laying rails. 

A questionnaire was sent out, both in 1929 and 1930, in regard to deter- 
mining whether we should adhere to the present temperature expansion as con- 
tained in the Manual of 1929, page 243, or have the same modified- That 
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questionnaire included not only the present table but four other schemes, known 
as Schemes 1, 2, 3 and 4. 

The Committee felt that we should not show the expansion for the 4S-ft. 
rail as there was little or none used, and the table of expansion can include 
longer rail when it is more or less generally used. 

The number of questionnaires sent out was 194; the number of replies re- 
ceived was 68. Those favoring the present A.R.E.A. table numbered 11; those 
favoring Scheme No. 1 numbered 21; those favoring Scheme No. 2 numbered 
2, those favoring Scheme No. 3 numbered 3, and No. 4, 12. The alternates on 
Schemes 1 and 4 were that they swapped between the 33-ft. and 39-ft. rails. 

There were but very few who were not in favor of discontinuing the show- 
ing of the expansion for the 4S-ft. rail, as little or none was used. Some claim 
we should work up tables including the 66-ft. rail, and possibly consideration 
being given to longer rails. 

After very careful thought and consideration, the Committee recommends 
that the information shown in table in the Manual of 1929, page 243, headed: 
“Temperature Expansion for Laying Rails,” be withdrawn, and recommends 
that Scheme No. 1, given below, be adopted as recommended practice. 

“Temperature Expansion for Laying Rails. — (1) When laying rails their 
temperature should be taken by applying a thermometer to head of rail, and 
taken periodically during the day, as the temperature of the rail can change 
decidedly from the early morning hours to the later afternoon hours, in winter 
as well as summer time la 3 nng, 

“(a) To allow for expansion, openings between the ends of rail should be 
as follows,” which I won't read to save time. 

I move that this be adopted and included in the Manual. 

Past-President Louis Yager: — ^You have heard the motion, gentlemen. It 
is now open for discussion. You know that this involves the elimination of 
material that has been in the Manual for some time, substituting a new table 
which is thought to be more in line with the present ideas prevailing with re- 
spect to the necessity for expansion. Is there any discussion? If not, those 
in favor of the motion will signify by saying, “aye”; contrary, “no.” It is 
carried. 

Chairman J. V. Neubert: — ^Appendix E, shown at the top of page 1S7, 
covers plans and specifications for track tools. This work has been handled by 
Mr. G. M. Strachan, Chairman of the Sub-Committee. At this time we have 
no additional plans or specifications to those contained in Volume 31, Bulletin 
321, November, 1929, beginning on page SSS. 

The Committee at first was going to recommend certain of these plans and 
specifications, but after, very careful thought and consideration we felt that 
they should be before the Association another year and then we will cite such 
of them that we can consider for recommended practice the coming year. 

Next is Appendix F, plans for switches, frogs, crossings, slip switches, etc. 
In the absence of Mr. C. R. Harding, Chairman of the Sub-Committee, this re- 
port win he submitted by Mr. Wakefield. 

Mr. C. H. Wakefield (Southern Pacific)*: — ^In line with its work in other 
years this Sub -Committee has been engaged in modernizing and amplifying 
the portfcdio of trackwoik plans. 

Although a number of the present plans are under consideration for re- 
vision or withdrawal, as outlined on pages 157 and 158 of Bulletin 330, this 
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year’s completed work consists in the submission of two new plans as in- 
formation and one revised plan for adoption as recommended practice. 

These three plans are shown facing page 158 of the Bulletin. Plans Nos. 
260 and 262, covering No. 8 and No. 10 frogs for medium weight rails, rail- 
bound manganese steel, bolted rigid, spring rail and solid manganese steel, are 
new, and are typical of a series to be prepared which will be similar to the 
existing series for heavy rail. 

Plan No. 510, covering manganese steel one-piece guard rail on six ties, 
which was presented as information two years ago, has been revised by the 
addition of notes which relate to the marking and setting, and by making some 
other minor changes. 

It is recommended, and I so move, that Plan No. 510, dated October, 
1930, A.R.E.A. manganese steel one-piece guard rail on six ties, be adopted as 
recommended practice and printed in the Manual. 

Past-President Louis Yager: — has been moved and seconded that the 
plan submitted, No. 510, on manganese steel one-piece guard rail on six ties, 
which has been before you now for two years, be adopted as standard practice 
and included in the Manual. Is there any discussion? If not, those in favor 
will signify by saying, “aye”; contrary, “no.” It is carried. 

Mr. C. H. Wakefield: — It is recommended, and I so move, that Plans Nos. 
260 and 262, dated October, 1930, A.R.EA. No. 8 and No. 10 frogs for medium 
weight rails, rail bound manganese steel, bolted rigid, spring rail and solid man- 
ganese steel, be received as information and to invite criticism. 

Past-President Louis Yager: — If there are no questions they will be so 
received. 

Chairman J. V. Neubert: — ^At the top of page 159 is Appendix G, track 
construction in paved streets. This subject is handled by Mr. E. W. Caruthers, 
who is Chairman of the Sub-Committee. 

This Committee has covered its subject very well, but it has other plans 
in view. At this time we have nothing to present, and just wish to report 
progress, and recommend that this subject be continued. 

On the same page is Appendix H, corrosion of rail and fastenings in tun- 
nels. Mr. C. J. Geyer is Chairman of the Sub-Committee. 

Mr. C. J. Geyer (Chesapeake & Ohio) : — ^The Committee’s report last year 
indicated that corrosion was negligible in tunnels under 1000 feet in length; 
medium in tumiels 1000 to 2000 feet in length; heavy in steam operated tun- 
nels over 2000 feet in length where special drainage had not been provided. 

Further study of questionnaires and additional information received too 
late for last year’s report tends to confirm the opinion that corrosion is ma- 
terially reduced by good drainage and good ventilation, and further minimized 
by coating the rails and fastenings with a heavy oil, or some paints. 

The Sub-Committee is now attempting to find the money loss account of 
corrosion and the approximate cost of preventive measures. 

It is reconomended that this report be received as information and the 
study continued. 

Past-President Louis Yager: — ^Are there any questions? If not, it will be 
so received. 

Cheiinnan J. V. Neubert: — On page 160 is Appendix I, methods of reduc- 
ing rail wear on curves, with particular reference to lubricating the rail or wheel 
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flanges. This report will be presented by Mr. C. M. McVay, Chairman of the 
Sub-Committee. 

Mr. C. M. McVay (New York Central) : — You will find this report on 
page 160. The Committee has had this subject now for three years, and in the 
first paragraph we mention the previous reports made, which are found in 
Volumes 30 and 31 of the Proceedings. 

We have presented during this time a series of information as to results 
secured from oiling, and also some information on the cost. We find this 
year that most of the information we are getting seems to be a duplication so 
that the Committee asks that this subject be discontinued for the time being, 
at least until something additional develops. 

The report is in error in that we asked to publish the conclusions, start- 
ing at the bottom of page 160 and continuing on page 163, in the Manual. It 
is not desired to publish these in the Manual at present, but we merely ask 
that you receive the report as information. 

Past-President Louis Yager: — ^Are there any questions on this subject? If 
not, the report will be received as information, and the Committee on Outline 
of Work will take the recommendation into consideration. 

Chairman J. V. Neubert: — On page 163 is Appendix J, cause and effect of 
brine drippings, and submit recommendations. This subject will be handled by 
Mr. W. G. Am, Chairman of the Sub-Committee. 

Mr. W. G. Am (Illinois Central) : — Since this Bulletin was published, addi- 
tional information has been furnished as to the use of dry ice in refrigerator 
cars. An article on this subject will be found on page 363 of the Railway Age 
for February 14. It indicates that there is considerable promise in the use of 
this refrigerant as a solution of the trouble. 

As to the report, at the convention last March the Committee submitted 
the following recommendations which are shown in Bulletin 321 of November, 
1929, Volume 31, pages 596-597. 

“(1) That the railroads require the maintenance of brine retaining ap- 
Ijarate on the meat-carrying or bunker type of cars in the best possible shape. 

“(2) That the Mechanical Division continue vigorously its efforts to per- 
fect a design for the fruit and vegetable carrying car that will permit of in- 
stallation and operation of brine retainers on this type of car. 

“(3)‘ That the effort on the part of the car companies and refrigerant 
manufecturers to find a refrigerant which will take the place of ice and salt, 
and eli m i na te entirely the making of brine, and consequently its damage, be en- 
couraged by the A.RA. and the individual railroads. 

“ (4) That in the meantime the railroads continue the application to their 
structures of the protective agents mentioned and being tried on the various 
systems, and further to make tests of any additional agents which offer promis- 
ing possibilities. 

“The convention accepted the above report as information and the sub- 
ject was reassigned.” 

It fe now recom me nded that this report be adopted and request be made 
of the ^erican R^way Association that it take action on the above recom- 
mendations 1, 2, and 3 ^ I move the adoption of the report. 

Past-President Louis Yager: — ^Action for approval of the recommendation 
of the Committee is now before you. Is there any discussion? 

(The motion was put to a vote and carried.) 

Chairman J. V. Neubert:— Appendix has already been explained by Mr. 

Breed, Chairman of the Sub-Committee!, 
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The next subject is Appendix L, effect of existing materials in track on 
the design of tie plates and punching thereof, together with the interrelation 
of slotting of joint bars and size of track spikes. This subject was handled by 
Major Macomb, Chairman of the Sub-Committee. We just wish to report 
progress, and recommend that this subject be continued. It is unfortunate, 
possibly, for you that we have not presented some definite report in the past 
year, but it is a veiy trying problem to get the maker and the user on a uni- 
form basis with regard to some of these practices. We hope next year we can 
give you some. 

Past-President Louis Yager: — ^Are there any questions that anyone has to 
put to the Committee before they are excused? If not, the Committee is ex- 
cused with an acknowledgment of their usual high quality of work (Ap- 
plause) . 


DISCUSSION ON ECONOMICS OF RAILWAY 
OPERATION 

(For Report, see pp. <541-701.) 

(Past-President Louis Yager in the chair.) 

Mr. J. E. Teal (Chesapeake & Ohio) : — ^The report of the Committee on 
Economics of Railway Operation will be found on page 641 of Bulletin 334. 

The Committee desires to report progress concerning Assignments 1, 4, 
and 7. It desires to change action recommended concerning Assignment 2. 
This assignment should read, “The report of Sub-Committee, -Appendix A, be 
received for publication in the Manual.” Assignment No. 2, Appendix A, will 
be presented by Mr. Mannion, Chairman of the Sub-Committee. 

Mr. M. F. Mannion (Bessemer & Lake Erie)-: — Sub-Committee 2 has been 
studying the problem of increased capacity for several years. During this 
period the effect of various changes in operations have been reported on. This 
year the Committee felt it advisable to assemble, condense and bring up to 
date the past reports of the Sub- Committee. This year’s report is shown as 
Appendix A, pages 643 to 692, Bulletin 334. 

On pages 643 to 646 you will find a discussion of the steps to be taken in 
making a study of railroad operation with a view of increasing capacity with 
existing facilities. 

On pages 647 to 652 is a synoptical outline of some of the elements which 
affect the capacity of a railroad, and following this outline is a brief discus- 
sion of a number of the items. 

The subject is covered in an elemental way but its purpose is to indicate 
the method of procedure, for it is evident that each case will present a problem 
in itself and will require modification of any general treatment. 

Beginning on page 6S2 is discussed the study of railroad operation with a 
view of increasing its capacity by providing additional facilities. First, traffic 
capacity is discussed. Next, on pages 653 to 659, there is defined track capacity 
of a single track and double track line, and also the method of determining 
this capacity. 

The effect of fleet operation on track capacity is also shown, together with 
typical train charts showing simple cases of perfect operation. 
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On page 657, the relation of actual to theoretical track capacity is dis- 
cussed, and on page 658 is the formula for computing theoretical track capacity. 

At the bottom of page 658 and on page 659 is discussed the effect of opera- 
tion of two classes of trains and Fig. 7 to 12 on pages 660 and 661 are typical 
train charts showing simple cases of perfect operation of trains of two classes. 

From page 659 to 666 the train hour diagram and the crew expense 
diagram are explained. 

An example of the crew expense diagram is worked out to show what the 
effect would be if the basic day were changed from 100 miles or less, 8 hours 
or less, to 100 miles or less, 6 hours or less. 

On pages 666 to 670 is described a model for studying train hour diagrams. 
This description, along with Fig. 17, 18, 19 and 20, helps to bring out some 
of the relationships which are demonstrated mathematically in Exhibit A. 

On pages 670 to 674, there is a discussion of the log of freight train per- 
formance, or performance charts- These charts are a simple means of compar- 
ing current and previous month*s or current and previous year’s operations, 
and also operations before and after additional facilities have been installed. 

At the bottom of page 674 is a statement showing where the Committee 
has applied the train performance charts and train hour diagrams to various 
studies, and on pages 677 to 681 is given a brief summary of the results of 
these studies. 

Exhibit A on pages 683 to 692 is a discussion of the mathematical theory 
of a probability curve and the similarity between the typical train hour 
diagram and the. probability curve. 

On page 681 are the conclusions, which I will read: 


“(A) (1) It has been found that train operations can be represented by 

a mathematical law. 

“(2) The application of this law to different sets of observations make 
it possible to compare several months’ operation of a given division on a more 
equ^ basis. Likewise, operations of different divisions which are more or less 
similar can be compared on more nearly the same basis. 

“(3) By such comparisons the effect of extreme weather conditions, 
greabir facilities, motive power, different commodities, and supervisory methods 
on the average time on the road can be more accurately determined. 

“(B) (1) Increased supervision, consisting of scientific study and 

thoughtful effort, will increase the capacity of a r^way. 

“(2) Increasing capacity of locomotives results in an equal increase in 
capacity of the railway. 

“(3) Double tracking will increase the capacity of a railway. The in- 
cre^ m capaaty being proportional to the amount of second track. Careful 
sti^y should be given to practicability of increasing capacity of single track 
^d obtaining more intensive use of same, either by increased supervision and 
^ operations, signals, etc., before constructing double track. 

(4) Insta^tion of automatic signals on a single-track railway will in- 

cre^tte ppaaty of the road, this increase varying with the length of division 
on install^ and with the number of passenger trains operated 

(5) :^^tion of complete signal dispatching system on a single-track 

road. This method of ilcreasing 
ca^city ^ould be considered when the volume of traifEic justifies, or when 
other conditions necessitate. 

stunts have undertaicn to test out the theory of train hour 
expenm^ knowledge which, would serve to extend the 
fa'SSI ti -vestigation of other factors re- 
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“From a qualitative standpoint, comparative freight train performance 
charts provide a simple and accurate method for showing actual results ob- 
tained by various methods of operation or changes in facilities. In order to 
analyze the results or forecast the effect of proposed improvements, it is neces- 
sary to develop a mathematical theory to account for some of the relations 
which have been found to exist. A discussion of the mathematical theory will 
be found in Exhibit A.” 

The Committee recommends that this report be received for publication in 
the Manual. 

Mr. W. A. Radspinner (Chesapeake & Ohio)-: — In speaking of locomotives, 
there are certain terms that are applied to various operations that are recog- 
nized by both the Operating Department and by the Mechanical Department. 

On page 650 there is one paragraph devoted to running repairs. Half-way 
down the paragraph there is the following sentence: “Running repairs are 
those required to place the locomotive in condition for a successful trip over 
the district.” I do not think that is right. Running repairs are repairs that 
can be applied to the locomotive in twenty-four hours, and any repairs, even 
though caused by a delay in material, which take over twenty-four hours, are 
charged to repairs to locomotives or a separate account. 

At the top of the page there is this sentence: “A freight locomotive, after 
receiving general repairs should be good for approximately twelve months' serv- 
ice.” General repairs are generally spoken of in terms of classified repairs, and 
each one of those repairs calls for a definite mileage, and mileage is the yard- 
stick by which they repair locomotives. The time factor does not enter into it. 

In this day and age of the world, locomotives are making continuous runs 
of 900 miles, and a great many of the freight locomotives regularly change 
crews at terminals and run 300 or 400 miles. These locomotives are certainly 
going to be in need of repairs before a locomotive that has gone only 100 miles, 
and redispatched with a 3 or 4-hour terminal delay after each trip. 

Under the caption of “Preparation” on page 650, and in another para- 
graph on page 651, captioned “Ashpit, Turntable, Coal Tipple and Ready Track 
Operation,” there are described operations that are generally known as dis- 
patchment of locomotives, which operation is recognized as such the same as 
train dispatching or crew dispatching and has its own particular part in the 
operation of the Mechanical Department. It seems to me that if this report 
is to be put in the Manual these different operations should be captioned un- 
der the head and in terms by which they are generally recognized. 

Mr. M. F. Mannion; — ^The only comment I wish to make on that is this: 
As was stated, the idea of the Committee was to outline a method of attacking 
this problem. It was to call attention to the different features of operation 
which should be studied and Just a few comments were made, not tr 3 dng to 
recommend that you should consider everything exactly as stated in the report. 
It was known that each different study would have to be considered on its own 
merits. If the run over a district was 100 miles, or 300 miles, naturally you 
would try to make such repairs to your locomotives that would get them over 
the district, no matter how long it was, without having to send another loco- 
motive out to relieve them. The idea in mentioning repairs for a year was to 
bring out the percentage of total locomotives that should always be in good 
repair. It was not intended to define what should be classified as running re- 
pairs or heavy repairs. 
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Past-President Louis Yager: — ^This Committee has brought to you a resume 
of the work that it has been doing practically since the Committee was organ- 
ized. This is their first attempt at a sort of preliminary draft, to gather to- 
gether all the fundamentals of the studies which they have made for you. I 
think you will recognize that it is going to be quite an undertaking to get this 
in concise shape for inclusion in the Manual. There is a great deal of valuable 
information here which justify eventually its inclusion in the- Manual. The 
Committee solicits your assistance in discussions and suggestions for improving 
this skeleton outline as it is, so that eventually they will be able to present to 
you the finished product for final adoption. 

Are there any other questions or discussions? 

Prof. S. N. Williams (Cornell College) : — I wish to express my pleasure 
and great satisfaction with the very careful study which the Committee has 
made of this important subject. They deserve high praise, I think, for the 
work which they have done. 

Past-President Louis Yager; — ^Are there any further remarks? This re- 
port will be received as progress information. As I stated before, it is the 
Committee’s first tentative draft of what is to follow. 

The Secretary calls my attention to an apparent misunderstanding The 
Committee does place before you for approval a definite recommendation. I 
took it that they asked you to approve the idea that I have just outlined to 
you, and that they were agreeable to carrying this further to final conclusion, 
for adoption in the Manual. As an expression of your wishes in that matter I 
will entertain a motion. 

Mr. L. S, Rose (Peoria & Eastern).:— -I did not understand that is what 
we want. 

Chairman J. E. Teal: — might say that the Committee has considered this 
question very serioiisly. It has debated the thought as to whether or not we 
were ready to offer it for Manual material at this time. After very careful 
e x a min ation we have decided that it cannot be further abridged. It may be 
edited, but it would be impossible to further abridge this material and get the 
full benefit from this report. 

M>. M. F. Mannion:— The motion I made was that this be adopted for 
inclusion in the Manual. 

Past-President Louis Yager: — ^The Committee very definitely puts itself 
on record in the published pages that this was to be considered for final 
preparation. Now they have come before you with a definite recommenda- 
tion that this material be accepted as it is, for publication in the Manual, with 
such editing as may be found necessary. That puts it to a discussion of the 
merits of the subject-matter. 

Mr. Frank Ringer (Missouri-Kansas-Texas) I would like to ask if the 
Committee is willing to have the convention accept this, in view of the im- 
poitaxtce and the length at which this subject has beai presented as informa- 
tion, with a view to submitting it for final adoption at the convention a year 
from this tima. 

P^-Presidesat Louis Yager;— Your comments, Mr, Ringer, go back to a 
reconsideration of their original motion in the matter. 

Mr. M. F. Mannion:— As Mr. Teal stated, we have given this matter 
very careful conrideration. As you stated yourself, this Committee has been 
working on this subject for the last seven or eight yeais. We spent consider- 
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able time last year, and even prior to that, in getting all of this information 
arranged in shape and condensing it to the greatest possible degree. The entire 
Committee has felt that any modification of this report would tend to reduce 
its value. Of course, we do not say that there might not be a rewording of a 
term here or there, but any such rewording would not tend to increase the 
value of the report or the ideas which are brought out in the report. That is 
the reason we made this recommendation at this time. We feel that there 
should be in the Manual some of the work of this Committee which has been 
going on for the last eight years, as the conclusions which they have found are 
of value to the Association. 

Past-President Louis Yager: — Without appearing to be argumentative and 
taking the privilege of the position of the Chair, I think I will take the liberty 
of elaborating somewhat on Mr. Ringer^s ideas. It is probably undoubtedly 
true that a good many of you came to the convention, having read this report 
and having found at the conclusion of the report that the Committee has sub- 
mitted this for consideration and information and future study. Now the 
Committee comes before you and changes that recommendation to final adop- 
tion. 

In view of that, it seems to the Chair that it is incumbent upon the Com- 
mittee to give you the reasons for their change in point of view. That does 
not go to the subject matter of the importance of this report. That is well 
acknowledged. It is one of the finest pieces of work that any Committee has 
presented to you in a number of years* work. Is there any further discussion? 

Mr. W. P. Wiltsee (Norfolk & Western): — ^This is a very, important re- 
port. I think it is very well gotten up and one of the finest reports we have 
had presented to this convention. At the same time we must guard the infor- 
mation that goes into our Manual It has always been the practice heretofore 
to submit information on new subjects such as this for a year for considera- 
tion and then submit them for inclusion in the Manual. 

I do not think it would detract any from the value of this report to let it 
run over a year and give us who have not seen it before, at least a year to con- 
sider it. 

Mr. Frank Ringer: — ^Mr. Wiltsee has expressed my views exactly. It has 
been the custom generally, in presenting specifications and other matter sug- 
gested for publication in the Manual, to have it introduced as information. I, 
and I dare say others, have not had the opportunity to study this very valuable 
report. I am in favor of seeing it published in the Proceedings and offered 
for inclusion in the Manual a year from this time. 

Mr. A. F. Blaess (Illinois Central): — I s^uld like to endorse what the 
previous speaker has said. It has taken the Committee eiglit years to work up 
this infonuation and they have made a very excellent report, a valuable one. 
I believe we should have a year for the members of the Association to have 
more time to study this and analyze it than has been given them since the 
Bulletin was published. It ought to be carried over another year before it is 
published. 

Mr. W. Burton (Missouri Pacific)-: — ^It seems to me it is a new idea for 
us to accept for inclusion in the Manual a report which requires editing. We 
have always as far as I can remember insisted that the material for the Manual 
be presented in iits final shape and be acted on in that way. The argument ad- 
vanced that we need this information right away does not apply because it has 

A 
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already been presented to ns. We can read it just as well out of the Bulletin 
as we can out of the Manual. So I hope that this Committee can see fit to hold 
it another year and put it in final shape. 

Mr. L. S. Rose: — would like to say that all of this has been here before. 
This is not new. There is not anything new in the report. Everybody who has 
had a desire to read it over has had plenty of opportunity. I do not think 
anyone who has put it off heretofore will take it up this year. 

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) : — ^If we want to be 
technical we might go to the Constitution, which reads: General Rules for 
Publication in the Manual, Article 4, sub-heading ‘‘Contents” reads as follows: 
“The Manual will only include conclusions relating to definitions, specifications 
and principles of practice as have been made the subject of special study by a 
Standing or Spedal Committee and embodied in a Committee report, published 
not less than 30 days prior to the Annual Convention, and submitted by the 
Committee to the Annual Convention, and which, after due consideration and 
discussion, shall have been voted on and formally adopted by the Association.” 

I do not believe this report has been published for 30 days. 

Chairman J. E. Teal; — believe that is a fact, that this report was late 
in getting out. I am not in position to say that this Committee is responsible 
for the tardiness of the report. I do want to say this, that this is an 
Economics Committee and we know that it costs money to publish reports. 
There are several pages of this report and it would cost considerable to bring 
it up again next year. We desire to save money. 

Mr. Frank Ringer: — In order to get the matter before the convention, I 
move that this report be received as information. 

Past-President Louis Yager; — ^There is already a motion before the house. 

Mr, Frank Ringer:~I move to amend the motion that the report instead 
of being published in the Manual be received as information at this time. 

Past-President Louis Yager; — It has been moved and seconded that the re- 
port under discussion be received as information. Is there any discussion? If 
not, those in favor of the amendment which is to the effect that this report be 
received as information, signify by saying “aye”; contrary, “no.” The amend- 
ment prevails. 

Chairman J. E. Teal: — ^Report covering Assignment 3, Appendix B, will 
be presented by Mr. Hastings, Chairman of the Sub-Committee. The report 
is found on page 693. 

Mr. E. M. Hastings (Richmond, . Fredericksburg & Potomac); — hope 
you will treat thfe short repor^more gently than you did the loxig one. Your 
Committee this year reports a conclusion including a short formula in the 
nature of a form, and two pages of notes to be used in connection with that 
formula. It is a b ri n ging together in very condse form material which was 
studied for, I bdkve, about two years by a Sub-Committee of this Committee, 
and was last year presented to you as information in an App^dix which you 
will find on page 1014 of Volume 31. It was quite a lengthy paper. This 
boils it down for you> and we fed is in shape for the Manual. It is a formula 
for determining comparative economies of flat and hump yard switching. 

I move that this oondtcsfon vrith the fonhi hnd notes in connection there- 
with, fouhd oh pages 693 to 696, indadye, be received for publication in the 
Manual. 
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Past- President Louis Yager: — You have hearii the motion which ,has been 
duly seconded, that the material appearing under Appendix B be received for 
publication in the Manual. Is there any discussion? If not, those in favor 
signify by saying “aye”; contrary, “no.” It is carried. 

Chairman J. E. Teal: — Report covering Assignment 5, Appendix C, found 
on page 697, will be presented by Mr. Howe, Chairman of the Sub-Committee. 

Mr. C. H. R. Howe (Chesapeake & Ohio) : — ^This report is even shorter 
than Mr. Hastings’. The report now being presented is a brief resume of the 
reports and discussions previously published by this Committee in the Proceed- 
ings of the Association. 

The object of the assignment is readily apparent and the purpose to be 
served is obvious. In the process of any cost comparison, we submit that there 
are three factors or elements which must be considered, namely, first, results 
in terms of basic units; second, comparison of details in terms of subsidiary 
units; third, explanatory statement of conditions. 

As to the cost in terms of basic units, these are in fact statements of re- 
sults or effect. The actual comparisons must be obtained through the study of 
the causes that produce the effect. To make such studies it is necessary to 
segregate the primary accounts into their component sub-accounts applying 
such further identifying units, or combination of units peculiar to the item un- 
der consideration, as are essential to the analysis. 

Valuable as such data may be, any comparison is apt to be misleading un- 
less a thorough understanding is had of all the attendant conditions of opera- 
tion, of maintenance of equipment, and of maintenance of way. 

Your Committee finds that the basic units of comparison are very 
definitely established by custom and general use. They are as follows: 

Freight Service, both rail and water 
Gross Ton Mile 
Net Ton Mile 
Revenue Ton Mile 

Passenger Service 

Gross Ton Mile — ^both rail and water 
Passenger Car Mile — Rail 
Revenue Passenger Mile — Water 

In regard to subsidiary units, your Committee is of the opinion that the 
choice of units necessary for individual account analysis is largely governed by 
the conditions imposed by the particular problem in question. Such units, 
and combinations of units, are numerous and of varying importance, and to 
publish a list showing their application to the individual accounts would serve 
no useful purpose, as it would be a repetition of subject-matter already pre- 
sented to the Association in the report of this Committee with necessary ex- 
planations and submitted in the Proceedings, Volume 28, pages S14 to S24 in- 
clusive. 

The report is submitted as information, with the recommendation that the 
subject be discontinued. 

Past-President Louis Yager: — ^If there are no objections or questions, the 
report will be submitted as information and the Committee on Outline of 
Work will note the Committee's recommendations. 
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Chairman J. E. Teal: — ^Report covering Assignment 6, Appendix D, found 
on page 699^ will be presented by Mr. Steinberger, Chairman of the Sub- 
committee. 

Mr. M. F. Steinberger (Baltimore & Ohio) : — ^Inasmuch as this report takes 
only about a page, or slightly over, probably the simple thing to do would be 
j:o read it as it appears on page 699. 

(Mr. M- F. Steinberger read Appendix D, pages 699 'and 700 of Bulletin 
2^0. 334.) 

Past-President Louis Yager: — ^Are there any questions? If not, this will 
l)e received as information and the Committee on Outline of Work will give 
consideration to the question of possible duplication of the Motor Transport 
Division. 

Chairman J. E. Teal: — ^Report covering Assignment 9, Appendix E, is 
^ound on page 700. This assignment was study and report on economies re- 
sulting from the use of the radio telephone for long freight trains and for yard 
work. 

The subject was covered in a report of some length last year, and it will 
be found as Appendix H on page 1027 in Volume 31 of the Proceedings, the 
concluding paragraph indicating that the development of radio service in con- 
nection with freight train operation was progressing rapidly but that doubtless 
the Federal Radio Commission would probably restrict its adaptability be- 
cause of the very limited number of radio frequencies available for use in this 
coimtry, and the large demand for frequencies from such service as aviation, 
police, television and ships at sea. It seems problematical that the Federal 
Radio Commission will issue permits for general use for retarder yard or 
train service. 

This Committee has not been able to obtain any further information as to 
the use of the radio in yard and train service, and as far as we know the 
Federal Radio Commission will only give experimental permits. We have 
learned, however, that the Radio Commission would give permits for the use 
of radio between land stations and tug boats in harbor work, and so on, and 
that if the railway applicant finds its use is a public convenience the Radio 
Commission will probably issue permanent permits for sudi service. 

The Committee recommends that this report be received as information 
only, and that the subject be discontinued. 

Past-President Louis Yager: — Are there any questions? If not, it will be 
received as information and the Outline of Work Committee will give con- 
sideration to the suggestion of the Committee. 

This concludes the work of this Committee, and they are dismissed with 
the thanks of the Association for their very instructive, interesting report, as 
well as their stimulating effort (Applause). 
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588 


Buildings — Continued 
— specifications for buildings for 
railway purposes, 536 
—concrete used in railway build- 
ings, 549, 764 

— standardization of metal build- 
ings and parts, 558 
— strain sheds and factors con- 
trolling their selection, 657 
— ^use of welding in buildings, 659 
— waterproofing and dampproof- 
ing as applied to existing 
buildings, 657 

Bus lines, effect of on opera- 
tion, 699 

c 

Car shops, general layouts and 
design, 491 

Carbon steel rails, tests of alloy 
and heat treated, 379 
Cast-iron pipe, specifications for 
laying, 435 

Clearances, report, 96 
— clearance diagram for bridges 
and trestles, 96 

— clearance diagram for buildings 
and sheds, 97 

— clearance diagram for ware- 
house and enginehouse doors, 
98 

— over navigable streams and har- 
bors, 717 
Coach yards, 20® 

Colors for work equipment and 
motor cars, standard, 470 
Committee personnel by railways, 
30 

Committee-work, summary of, 22 
— exceptional service records, 43 
Concrete 

— arches and transmission poles, 
331 

— ^fence posts, specifications, 168 
— manufacture, progress in the 
science and art of, 336 
— plain and reinforced, re-vision of 
specifications, 380 
Constitution, amendment to, 43 
Construction contracts, cost-plus 
methods, 108 

Convention, condensed report, 47 
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Index 


Co'operation -with technical or~ 
granizations, 29 

Copper-bearing” steel for structural 
purposes, 126 

Corrosion of rail and fastening's in 
tunnels, 159 
— fence wire, 172 
— locomotive boiler tubes and 
sheets, 401 

Cost of eliminating impurities in 
locomotive boiler water, 402 
Cost-plus methods on construction 
contracts, 108, 711 
Cross-tie replacements, 247, 2S6 
Culvert inspection report form, 540 


D 

Dampproofing and waterproofing, 
337, 557 

Deceased members, 34 
Definitions of terms: 

— maintenance of way work equip- 
ment, 441 

— records and accounts, 503 
— rivers and harbors, 608 
Design of rivet heads for steel 
structures, 133 

Destruction by termite and possi- 
ble ways of preventing same, 
310 

Deteriorated concrete, methods of 
repairing, 340 

Drainage, lecture by Dr. G. E. 

liUdd, 772 
— ^roadbed, 170 

Dredges, types and respective 
uses, 619 

Dredging specifications, 621 


E 

Economics of Railway Labor, re- 
port, 193 

— economies resulting in the di- 
version of traffic on multiple 
track lines for maintenance 
purposes, 198, 808 

— effects of recent developments 
in maintenance of way prac- 
tices on gang organization, 
194 

—practical methods of stabilizing 
maintenance of way forces, 
203. 809 

Economics of Rail-way Location, 
report, 221 

— economies of raU^a^y location, as 
affected by the , introduction of 
electric locomotives, 222 


Economics of Railway Labor — 
Continued 

— extent train resistance is in- 
creased when trains are oper- 
ating on flexible rails as com- 
pared with the same operation 
w'ith stiffer rails, 231, 805 
— proper size and character of 
field organization for railway 
location and construction, 232 
Economics of Railway Operation, 
report, 641 

— economies resulting from the 
use of the radio telephone for 
long freight trains and for 
yard work, 700, 834 
— flat versus hump switching, 693 
— methods of increasing the traf- 
fic capacity of a railway, 643, 
827 

— problems of railway operation 
as affected by the introduc- 
tion of air transport linos, mo- 
tor trucks and bus lines, 699 
— suitable units for operating and 
equipment statistics required 
by the Interstate Commerce 
Commission to be used on cost 
comparisons of transportation, 
equipment and roadway main- 
tenance, with necessary addi- 
tions thereto, 697, 833 
Electric current for use on road- 
way machines, 472 
Electrical energy, form of agree- 
ment for purchase, 110 
Electricity, report, 321 
— synopsis of reports of Electrical 
Section, American Railway 
Association, 325 

Electrolysis, protection of water 
supply pipe line systems, 415 
Elevators, lifts and escalators, 588 
Engineer as a railway operating 
ofllcer, 16 

Engineering and surveying, act to 
regulate practice, 143 

F 

Federal regulations pertaining to 
drinking water supply, 429 
Fence wire, life of, 172 
Financial statements, 44 
Flat versus hump switching, 693 
Forged steel, specifications, 120 
Form of agreement for the pur- 
chase of electrical energy in 
large volume (snch as requir- 
ed for traction purposes), 1X0 
— foi' the organization and opera- 
tion of a joint passenger ter- 
minal project, 111 



Index 
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Forms, bridge inspection report, 
637 

— classifying highway crossings 
of railways, 84 

— maintaining a record of changes 
in jointly owned interlocking 
plants, 526 

— railway water service depart- 
ment, 523 

Freight car, length of, 717 
— stamons, bibliography, 216 

G 

Grade Crossings, report, 65 
— advance warning sign, 68 
— apportionment of expense of 
elimination, 728, 729 
—center of road installation, 80 
— comparative merits of various 
types of grade crossing pro- 
tection, 81 

— evaluating relative benefits to 
the public and railways from 
grade crossing protection or 
elimination, 88 

— highway crossing accident re- 
port, 93, 94 

— highway crossing sign, 69 
— highway crossing signal, 70, 77 
— highway crossing signs and sig- 
nals, 81 

— methods and forms for classify- 
ing highway crossings of rail- 
ways and forms for recording 
and reporting highway and 
railway traffic over highway 
grade crossings, 84 
— provision which should be in- 
cluded in uniform statutes 
governing highway grade 
crossing protection or elimin- 
ation, 89 

— reflector lens, signs, 78, 79 
— specifications for location, 
height and illumination of 
signs protecting grade cross- 
ings, 91 

Gradients in hump yards, 211, 760 
Gravel ballast, specifications, 100 
Grading practice, 177 

H 

Harbors, report on, 619 
Heat treated carbon steel rails, 
379 

Height and illumination of signs 
protecting grade crossings, 
specifications for location, 91 
Highway crossing accident report 
form, 93, 94 


Highway crossing plank and sub- 
stitutes, 180 

Highway crossing signs and sig- 
nals, SI 

Hump yards, 210 


I 

Improvement in railway operating 
efficiency, 634 

Impurities in locomotive boiler 
water, cost of eliminating, 402 
Increasing the traffic capacity of a 
railway, method of, 643 
Industry tracks m its relation to 
owiiershij) and contract provi- 
sions, accounting for, 526 
Inspection pits, locomotive, 499 
— report forms, bridge, 537 
Interlocking plants, methods and 
forms for maintaining a rec- 
ord of changes in a jointly 
owned, 526 

International Standards Associa- 
tion (I.S.A.), 116 

Interstate Commerce Commission 
classification of accounts, 520 
— suitable units for operating and 
equipment statistics required 
by the, 697 

Iron and Steel Structures, report, 
119 

— copper-bearing steel for struc- 
tural purposes, 126 
— design of rivet heads for steel 
structures, 133 

— general specifications for steel 
railway bridges, 127 
— longitudinal forces as they ap- 
ply to railway bridge super- 
structures and substructures, 
131 

— ^punched and reamed work, 127, 
748 

— track anchorage over bridges 
and similar structures, 123 


j 

Joint committee on standard spe- 
cifications for concrete and re- 
inforced concrete, 337 
— passenger terminal project, form 
of agreement for the organi- 
zation and operation of, 111 

K 

Kansas City Southern cross-tie 
records, 261 
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L 

Liabor-saving- devices, keeping- 
data on, 458 
— ^maintenajice of, 475 
Land valuations, forms for record- 
ing, 606 

Laying cast-iron pipe, specifica- 
tions for, 430, 435 
liayouts and design of car akops, 
general, 491 

Locomotive boiler water, cost of 
eliminating impurities in, 402 
— large size, 718 
— washing platforms, 484 
Lubricating rail or wheel flanges, 
160 

M 

Maintenance of Way Work E<iulp- 
ment, report. 439 

— best practice for maintaining la- 
bor-saving devices on con- 
struction and maintenance of 
way work, 475 

— care of work equipment when 
not In use, with particular 
reference to proper housing, 
469 

— definitions of terms used in con- 
nection with maintenance of 
way work equipment, 441 
— methods and alarm for gasoline 
propelled track cars, 451 
— organization for use and main- 
tenance of tie tamping ma- 
chines — air and electric, 465 
— staxi:dard colors for work equip- 
ment and motor cars, 470, 756 
— standardization of parts and ac- 
cessories for railway mainte- 
nance motor cars, 451 
— voltage and kind of current for 
use in electrically operated 
machines and tools for road- 
way purposes, 473 
Masonry, report, 326 
—contact with loint committee on 
standard specifications for 
concrete and reinforced con- 
crete, 336 

— -methods of repairing deteri- 
orated concrete, 340 
— piixLciples of design of reinforc- 
ed concrete arches and trans- 
mission poles, 331, 802 
— progress in the science and art 
of concrete manufacture, 386, 
798 

— specifications for Portland ce- 
. ment, 327, 796 


Masonry — Continued 
— waterproofing and dampprooflng, 
337 

Membership, report on, 33 
—classification, 33 
— geographical distribution, 36 
— ^representation by railways, 38 
Mill practice, rail, 346 
Motor cars, parts and accessories, 
451 

— standard colors, 470 
— trucks, effect of on operation, 
699 

O 

Officers installation of, 64 
Oil sidings, protection of, 721 
Organization for the use and 
maintenance of tie tamping 
machines — air and electric, 465 
Overhead wooden or combination 
wooden and steel highway 
bridges, 316 

P 

Parking facilities for railway pas- 
sengers, 209 

Passenger stations, bibliography, 
215 

Permanent roadbed, 176 
Piling used for marine construc- 
tion, 292 

Pitting and corrosion of locomo- 
tive boiler tubes and sheets, 
cause and extent, 401 
Pits, Inspection, 499 
Portland cement, revision of spe- 
cifications, 327 
Power supply statistics, 720 
Preboring of switch ties before 
treatment, 310 

Prepared gravel ballast, specifica- 
tions, 100 

President’s address, 13 
Protection of boilers and materials 
from corrosion and deteriora- 
tion while in storage, 422 
— ^water supply pipe line systems 
from electrolysis, 415 
Publications, 40 
Punched and reamed work, 127 

R 

Rail joints, tests, 708 
Hail, report, 345 

— cause and prevention of rail bat- 
ter, 371 

— mill practice, 3S6, 819 
— operating results of the A.R.A. 
rail fissure detector car, 355 
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Rail — Continued 

— rail failure statistics for 1929, 
358, 817 

— temperature expansion for lay- 
ing-, l&S 

— test of alloy and heat treated 
carbon steel rails, 379 
— transverse fissure statistics, 365 
— wear on curves, 160 
Rail, height of. 718 
— 152 -lb. rail section on Pennsyl- 
vania Railroad. 820 
Railway executives on member- 
ship rolls, 37 

— stations, yards, marine termi- 
nals and airports, bibliog- 
raphy, 215 

Recapture proceedings, methods 
used in, 542 

Records and accounts, report, 501 
— accounting for industry tracks 
in its relation to ownership 
and contract provisions, 525 
— bibliography on subjects per- 
taining to records and ac- 
counts, appearing in current 
periodicals, 636 

— bridge Inspection report forms, 
637 

— definitions of terms, 503 
— forms used by railway water 
service departments, 523 
— methods of avoiding duplication 
of effort and for simplifying 
and co-ordinating work under 
the requirements of the Inter- 
state Commerce Commission 
with respect to accounting, 
valuation and depreciation, 
- 520 

— methods and forms for gather- 
ing the data for keeping up to 
date the valuation and other 
records of the property of 
railways, 603 

— for handling the Interstate 
Commerce Commission’s re- 
quirements under Order ISro. 
15100 — depreciation charges of 
steam railway companies, 619 
— ^for maintaining a record of 
changes in jointly-owned in- 
terlocking plants, with re- 
spect to ownership and con- 
tract-provisions, 626 
— used in recapture proceedings, 
542 

— use of mechanical devices for 
accounting, 628 
Records of treated ties, 282 
Reports of Secretary and Treas- 
urer, 21 

— financial statement, 44 


Report of tellers, 52 
Resolutions, 61 

Rivers and Harbors, report, 607 
— definition of terms, 608 
— dredging specifications, 621 
— harbors, 619 
— rivers, 608 

— specifications covering the sev- 
eral types of river bank pro- 
tection and levees in common 
use, 612 

— types of dredges and their re- 
spective uses, 619 
Rivet heads for steel structures, 
design of, 133 
Roadway, report, 165 
— good grading practice, 177, 770 
— heaving track, 189 
— infiuences of roadway cross-sec- 
tioning calculations and meas- 
urements, 183 
— permanent roadbed, 176 
— roadbed drainage, 169, 770 
— ^specifications for concrete fence 
posts, 168 

— use of highway crossing plank 
and substitutes, 180, 771 
Rules and Organization, report. 
135 

— act to regulate the practice of 
professional engineering and 
land surveying, 143 
— rules for maintenance o f 

bridges, wooden structures, 
139 

—other terminal structures, 140 
— titles employed to designate po-' 
sitlons of corresponding rank 
in maintenance of way service, 
142 

S 

Scales, 214 

Secretary, report of, 21 
Service test records of treated 
ties, 282 

Shimming track, method of, 191 
Shops and Locomotive Terminals, 
report, 488 

— general layouts and design of 
car shops, 491 
— ^inspection pits, 499, 762 
— 'locomotive washing platforms, 
484 

Sign, advance warning, 68 
— ^highway crossing, 69 
— ^reflector lens, 78, 79 
Signal, highway, 70, 77 
Signals and Interlocking, report, 
627 

—current activities of the Signal 
Section, 639, 786 
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Sig-nals — Continued 
—developments of automatic tram 
control and cab signals, 627, 
780 

— improvement in railway operat- 
ing* efficiency, 634, 783 
— progress made in the use of 
modern railway signal sys- 
tems, 637 

— signs, highway crossing. 81 
Simplification and standardiza- 
tion of equipment and mate- 
rials used in railway water 
service, 406 
Specifications: 

— buildings for railway purposes, 
556 

— concrete fence posts, 168 
— used in railway buildings, 549 
— dredging. 621 
— ^laying cast-iron pipe, 435 
— location, height and illumination^, 
of signs protecting grade 
crossings, 91 

— plans and specifications for 
track tools, 157 
— Portland cement, 327 
— ^prepared gravel ballast, 100 
— steel railway bridges, 127 
— tie plates, 162 
— stone ballast, 101 
— types of river bank protection 
and levees in common use, 612 
Standard colors of work equipment 
and motor cars, 470 
Standardization of metal buildings 
and parts, 558 

— parts and accessories for rail- 
way maintenance motor cars, 
451 

Standardization, report, 112 
— ^A. R. A. representation in A. S. 
A., 115 

— American standards approved by 
the American Standards Asso- 
ciation, 117 

— ^American Standards Association 
(A. S. A.), 114 

— ^national standardization, 114, 706 
— technical projects on. which the 
railway associations are now 
cooperating, 118 

— approval of A. R. E. A., Manual 
by the American Railway As- 
sociation, 112, 705 
— Canadian Bn^neering Stand- 
ards Association (C. E. S. A-). 
115 

— classification of A. R. E. A. rec- 
ommended practices acoording 
to use, 113, 705 

Steel railway bridges, revision of 
specifications, 120 


Stone ballawt, specifications tor, 
101 

Stresses in Railroad Track, report, 
205 

— ^progress report, 205 
Substitute ties, 240 
Superelevation of outer rail on 
curves, 153 

T 

Tellers report, 52 

Terminal structures, rules for 
maintenance of, 140 
Termite, destruction by, 310 
Ties, report, 235 

— anti-splitting devices, 236, 736 
— ^average life of treated ties, 739 
— extent of adherence to standard 
tie specifications, 238 
— life of untreated hardwood ties 
and creosoted red oak tio.s, 
Kansas City Southern Hall- 
way, monograph by S. "B. 
Shoup, 261 

— ^methods and practices for prop- 
er seasoning of ties, 260 
— substitute ties, 240 
—tie renewal averages per mile 
maintained, 246, 738 
Tie tamping machines, air and 
electric, organization for use 
and maintenance, 465 
Timber, grading rules, 314 
— ^highway overhead bridges, 316 
Titles to designate positions in 
maintenance of way depart- 
ment, 142 

Track anchorage over bridges and 
similar structures, 123 
Track gradients in hump yards, 
211 

Track, report, 150 
— cause and effect of brine drip- 
pings, 163 

— corrosion of rail and fastenings 
in tunnels, 169 

— plans and specifications for 
track tools, 157 

— plans for switches, frogs, cross- 
ings, slip switches, 157 
— ^reducing rail wear on curves 
with particular reference to 
lubricating the rail or wheel 
flanges, 160 

— ^revision of specifications for 
steel tie plates. 162, 821 
— ^superelevation of the outer rail 
on curves, 163, 822 - 
— ^temperature expansion for lay-» 
ing radls, 155, 823 
Track- work plans, 158 
Train resistance, 231 
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Transverse fissure statistics, 365 
Treasurer’s report, 45 
Treated ties, service test records, 
282 

Trestle inspection report form, 541 
Tunnels, corrosion of rail an>d fas- 
tening's in, 159 

U 

Uniform General Contract Forms, 
report, 107 

— cost-plus methods in construc- 
tion contracts, 108, 714 
— form of agreement for the or- 
ganization and operation of a 
Joint passenger terminal proj- 
ect, 111 

— for the purchase of electrical 
energy in large volume (such 
as required for traction pur- 
poses), 110 

— special forms of contracts for 
maintenance of way work, 110 

V 

Voltage and kind of current for 
use in electrically operated 
machines and tools for road- 
way purposes, standardization 
of, 472 

W 

Warehouse and englnehouse doors, 
clearances, 98 
Warning sign, advance, 68 
Washing platforms, locomotive, 
484 

Water Service and Sanitation, re- 
port, 399 

— automatic and remote control of 
pumping equipment, 410 
—cause and extent of pitting and 
corrosion of locomotive holler 
tubes and sheets, 401 
— chemical control and general 
supervision of water treating 
plants, 419 

— cost of eliminating impurities in 
locomotive boiler water, 402, 
811 

— ^methods of laying cast-iron pipe 
and specifications, 430 
— specifications for laying cast- 
iron pipe, 436 

— progress being made by Federal 
and State authorities on regu- 
lations pertaining to drinking 
water supply, 429 

— ^protection of boilers and mate- 
rials from corrosion and de- 
trioratlon while In storage, 
422, 814 


Water Service — Continued 
— of water supply pipe line sys- 
tems from electrolysis, 415 
— ^simplification and standardiza- 
tion of equipment and mate- 
rials used in railway water 
service, 406, 812 

Waterproofing and dampproofing 
as applied to existing build- 
ings, 337, 667 

Welding in buildings, use of, 559 
— conventional symbols, 678 
— definition of terms, 562 
— design of welded joints, 581 
Wooden Bridges and Trestles, re- 
port, 313 

— design of standard wooden tres- 
tles with a view of obtaining 
greater economy and conserv- 
ing timber resources, 317 
— ol^erhead wooden or combination 
wooden and steel highway 
bridges. 316 

— simplification of grading rules 
and classification of timber 
for railway uses, 314, 749 
— standardization and simplifica- 
tion of store stock and dis- 
position of material reaching 
obsolescence, 315 
Wood Preservation, report, 281 
— destruction by termite and pos- 
sible ways of preventing same, 
310, 744 

— piling used for marine construc- 
tion, 292 

— practicability of boring bridge 
and switch ties for spikes be- 
fore treatment, 310, 745 
— service test records for treated 
ties. 282 

Work equipment, methods of 
scheduling and assigning of, 
455 

— and labor-saving devices, meth- 
ods of keeping data on, 458 
— care of when not in use, 469 
— organization, 479 
—standard colors for, 470 

Y 

Yards and Terminals, report, 207 
— ^bibliography of railway stations,. 
yards, marine terminals and 
airports, 215 
—coach yards, 208 
— ^hump' yards, 210, 759 
— ^parking facilities for railway 
passengers, 209, 768 
— revision of Manual, 208 
— scales, 214, 760 
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